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Introduction

This is the third volume of a series intended ultimately to embrace the

published reactions of the active chemical elements and their simpler

compounds. Comparatively few chemical reactions will be found in

the literature under the rarer elements, but whenever reactions of these

elements are encountered in standard chemical journals they will be

included in this compilation.

The reactions under aluminum, antimony, arsenic, barium, beryl-

lium, bismuth, boron and bromine were included in Volume 1, and

cadmium, calcium, carbon, cerium, cesium, chlorine and chromium were

covered in Vol. II.

Since the Encyclopedia of Chemical Reactions'' is planned on the

alphabetical system throughout, the following elements have been

included in Vol. Ill: cobalt, columbium, copper, didymium, dysprosium,

erbium, europium, fluorine, gadolinium, gallium, germanium, gold,

hafnium, holmium, hydrogen, illinium, indium, iodine and iridium.

This volume contains 822 reactions under cobalt atone and 610 under

copper; whereas holmium and illinium are represented by one reaction

each and hafnium by two.

The introduction to Vol. II contains a discussion of coordinate valence

reactions of cobalt and chromium, together with the abbreviations used.

To save space, many of the complex reactants herein described have been

written in abbreviated forms.

Whenever an element is known by two names, e.g.^ columbium and
niobium, the more common form has been used to the exclusion of the

other.

Frequently equations are encountered in the literature that are unbal-

anced. Whenever it is a question of adding or substracting water to

make the equation balance, this has been done, but in all these cases the

equations so modified have been placed in parentheses. Frequently
authors' names appear without initials, but this is not an error of the

abstractors or editor; such references are incomplete in the original.

Dates too are sometimes found to be wrong. In many cases where an
author describes a product obtained be neglects to mention the accom-
panying by-products, although they are evident. In such cases the
abstractor supplies the missing self-evident products and puts them in

parentheses. This is why so many reactions are enclosed in parentheses.
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In the process of assembling these reactions it was necessary to select

abstractors who not only were enthusiastic about the completion of the

work, but were willing to contribute of their time to abstract suitable

reaction material found in the literature.

In order that the abstractors’ work should not overlap that of others, it

was necessary to assign to each person a certain journal or section of a

journal to be covered. It often happened that an abstractor selected for

this work, and willing to contribute his time to the undertaking, had no

suitable journal from which to abstract. Half a dosen or more abstractors

have been supplied with chemical journals from the Library of the West

Virginia University. In this way it was possible to make available for

abstracting purposes several rare journals for which no abstractor could

be found in Morgantown.

In one instance over four hundred volumes of Liebig's AnnaUn der

Chimie were loaned in small lots to one abstractor alone, who not only

translated into English this huge mass of chemical German, of a very

technical nature, but typed the translated material and sent it to the

General Office of the E.C.R. for filing. Several other abstractors have

done nearly as well, and it is with singular admiration that the Editor-In-

Chief points out the unselhsh and public-spirited nature of these men and

women, who have contributed solely for the advancement of science, and

without any thought of reward for themselves.

The Encyclopedia'' is not designed to present the latest views of

chemistry and chemical technology, but rather to summarize the facts

presented in the published literature. Its users will therefore have the

opportunity to evaluate previous experimental work, when applied to

present problems.

The editors regret to say that in spite of every attempt to eliminate

duplicate entries in the body of the reaction material they have not been

wholly successful in this respect. It was when such duplicates or near-

duplicates were brought into juxtaposition that they noticed the similar-

ity. However, these imperfecUons do not greatly impair the value of the

work.

Since Vol. Ill contains a considerable number of coordinate reactions

with cobalt it was considered advisable to include in the introduction a list

of coordinate adjectives with their abbreviations as used in these reac-

tions. These adjectives all end in o when occurring in the coordinate

sphere, represented by parentheses. They are as follows

:

Amino (NHd
Ammino |NU»]
Aquo [HfO]
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Aiulioo [C«HiNHt]
BeniyUmino [CrEfNI

Bromo [Br]

C&rbouto (COil

Cbloro (Cl]

Chromftto (CrOi?

Dietbylenediamifio ((CiHiKs)*) Mmo writteo [eat]

Etbylefiediamino [CtH»Nt) AI0O written [«o]

Hyilioxo [OH]
Imino (KH]
Isothiocynnnte [NCS]
Mftbnato (CaHsO^]

Nitr&to (NO)]

Nitrito (NOtl

01 [OH}
Oxninto (CiOa]

Perexo (OCO]
Pyridino [CiH^N] Alao writUa [py]

Sulfate |S0«}

Sulfite [SO.]

MoaoAKTOww, W. Va.

June $, 1949

C. A. Jacobson.
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Abbreviations

Ac stands for acetate

5
t4 a with

cone.
« 44 concentrated

6
44 heat

decomp.
“ 44 decompositioD

dil
« 44 dilute

<
(( 44 electric current or spark

Et 4t 44
ethyl

m- a It meta

M 44 it univalent meta)

Me it 44 methyl

N (( 44 normal

0- t4 44 ortho

P-
u 44 para

E
u 44 pressure

Ph 44 44 phenyl

p.p.m. 44 44
parts per million

sol.
44 44

solution

en 41 44 ethylenediamino

pn 44 44 propylenediamino

py
44 44

pyridino

XI





COBALT

B

Co
%

Cobalt ifl heated with boron in a porcelain tube

stream of hydrogen.

m-i
to 1100-1200^ in a

(a) Co + B^ CoB

(b) 2Co + B ^ Co,B

(0) Co + 2B^ CoB,

B. DaJassonaeuc, Comp, rend., 145, 240 (1907) t6

Co
Br. ni.2

Cobalti heated to faint redness, reacts with bromine vapor yielding a

green product.

Co + Brj —* CoBrt

Berthelot, Aan. ehim. phys. (2), 44, 391 (1830)

Co
Brt III-3

When metallic cobalt is treated with bromine at ordinary tempera-

ture and in the presence of water, cobaltous bromide is formed. The
reaction requires approximately one week to reach completion.

Co + Bri^ CoBrs

Walter N. Hartley, X Cbem. Soc. (Loodon). 8T, 501 (1874) 48

Powdered cobalt when first warmed, bums in chlorine.

Co + Cl,^ CoCI,

H. Rose, Pogg. Ana., 24, 157 (1832)

III>4

S5

1
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Co
CuiPt ni-6

A mixture composed of one part of cobalt filings and ten parts of

cupric phosphide is heated five minutes in the electric furnace.

4Co + Cu*Pi^ 2CojP + (3Cu)

Maronoeau, Compt. rend., ISO, 667 (1900) SS

Co
Hxcoi m-e

Cobalt is heated with concentrated nitric acid.

Co + 4HNOi- Co(N04), + 2NOi + 2H|0

Richards and Baxter, Z. anorg. Chem., SS, 221 (1899) fs

Co
H,o in-7

Cobalt, heated to glowing, decomposes water vapor.

Co + HaO^ CoO + H|

RcgnauU, Aon. chim. phys., 62, S6l (1636) 25

Co
Ii 111-8

Powdered cobalt and iodine heated together in a glass tube react to

form a gray-green product.

Co + It^ Colt

O. L. Erdmann, J. f. prakt. Qiam., 7, 354 (1836) £6

Co
Is in-9

When metallic cobalt is heated with iodine in the presence of water,

the olive-green, di-bydrated cobaltous iodide is formed.

Co H- It -h 2H,0 Colt 2HiO

Walter N. Hartley, J. Chem. Soc. (London), 87, 602 (1874) 4S
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Co
- m-io

KCH
Cobalt when titrated with cyanide in the presence of potassium iodide

forms a compound in which the ratio of cobalt to cyanide is 1:5.

(ft) Co + 6KCN + 2H^ Krf:Jo(CN)» + (2KOH + H,)

(b) Co + 5KCN + 3H,0^ Krf:k)(CN)»- H,0 + (2KOH + H,)

Olstttoae and SpeakxnaD, Analyst, 65, 93 (1930)

M., B. S. Eraos. Analyst, 3S. 377 (1937) 40

Co

p IU-11

Cobalt is heated with phosphorus in the absence of air.

2Co + P^ CoiP

ZbscDchsusbau and Scbspalar, Z. anorf. Chem,, $4, 345 (1909) >95

Co
Si ni-12

90 parts of cobalt are heated with 10 parts of silicon in a carbon

crucible in the electric furnace.

2Co + 8i ^ CojSi

Moissan, Compt rend., 191, $31 (1395) SS

Co
Si ni-13

Silicon and cobalt react in the electric Moissan furnace to give the
following silictdes:

SiCosi SiCo, Si}Co

P. Lebeau, Z. Elektrocbem., 9, 642 (1903) 86
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Co
SiCl4 m-14

StlicoQ tetrachloride is passed over 6nely pulverised cobalt at a high

temperature, but not exceeding 1200^.

2Co + SiCl4 Co,Si + (2C1,)

Vigouroux, Compt. reod., Ui, 683 (1805)

Co
Te in-16

Cobalt telluride is formed when cobalt and tellurium unite in an inert

atmosphere.

Co + Te^ CoTe

Margottet, Thiae de Paris (1870)

Fabre, C^mpt. read., 105, 277 (1887)

C. A. Tibbais, Jr., J. Am. Chem. 8oe., 81, 908 (1909) 85

Co++
Cl- ni-16

HCl

Solutions oontaining cobaltous ions give a blue-green color when
treated vsith excess chloride ion, as in hydrochloric acid, due to

the formation of a complex anion, as shown by the fact that the

cobalt migrates toward the anode.

Ccri* + iCh-^lCoClJ—

HowaU, PhU. Mag., i8, 833 (1924); Ref., Proc. Roy. Soc., 148. A. 587 (1988). 67

Co++
3 ,6-dimetbyIpyrazole Dl-IT

Pour a 2% solution of 3,5-dimethylpyra8ole into a previously nearly

neutralised (NaOH) cobalt solution. It should be still faintly acid.

Add 5 cc. of O.hN NaOH whereupon all the cobalt precipitates.

Co++ + 2C*HeN, Ck»(CiHrNt)>

0. Heim, Anal. Ed., 8, 38 (1930) ii4
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Co++

KllOt

Nickel and cobalt may be separated from

in-18

^tb potassium nitrite. Potassium cobaltinitrite will precipitate,

whereas nickel will stay in solution. Nitric oxide is evolved during

the reaction.

(Co{NOi)* + 5KNO, + 2HNO,
^ K,Co(NO,)i + NO + HiO + 2KNOi)

Bieliard Apjobo, 1. Cbero. Soe. (London), S7, 105 (1874) 4S

El

CoBrt

Cobaltous bromide is reduced by hydrogen when heated.

CoBr, + H, Co + (2HBr)

Oarli, Atti. ae. pont IdAcei., U :3, 94 (1924)

iri-19

u

CoBrt

NHi III-20

An aqueous solution of cobalt (II) bromide added to excess ammo-
nium hydroxide gives a bright red precipitate of cobalt dibromide
hexammoniate.

CoBrt + 6NHt CoBrt 6NHt

Ramm^lsbers, Pogg. Ann., S5, 245 (1842)

A. Werner and P. Karrer, Helv. Chirn.. 1, 62 (1918) g3

CoBr, 6HtO
AgNOi in-21

Treatment of hexa-hydrated cobaltous bromide with rilver nitrate

results in the formation of cobaltous nitrate and sUver bromide.

CoBrf6HiO + 2AgNOt^ Co(NOt)t + 2AgBr + 6HtO

Walter N. Hartley, J. Chem. Soc. (London), 27, 501 (1874) js
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CoBr]*6HtO
KOH ni-22

O,
Wbea hexa-hydrated cobaltouB bromide ia heated with potassium

hydroxide in presence of air, the cobaltoua salt is oxidized to cobaltic

hydroxide by the oxygen of the air.

4CoBrt 6H,0 + 8KOH + Oi -* 4Co(OH)i + SKBr + 22HjO

Walter N. Sartley, J. Cbem. Soe. {Loadoa), 27, 601 (1674) 4S

CoBrr6HtO
NaOH in-2d

When bexa*hydrated cobaltous bromide is boiled with sodium

hydroxide, cobaltous hydroxide and sodium bromide are formed.

CoBrr6H,0 + 2NaOH ^ Co(OH)t + 2NaBr + 6H»0

Walter N. Hartl^, J. Chem. Soe. (Loodoa), 87, 601 (1874) 4S

CoBrr6HtO
A in-24

When the hexa-hydrated cobaltous bromide is heated to 100^, four

molecules of water are ^ven off and the di-bydrated cobaltous

bromide is formed.

(a) CoBrr 6HsO CoBrt* 2HtO + 4HtO

(b) CoBrf2H,0 + A CoBr, + 2H,0

Walter N. Hartley, J. Chem. Soe. (Loodoo), 87. 602 (1674) ^
Ref., R. Geratl, Bar., 7, 739 (1674) /f

CoBft * 6HiO
Decomp. in«26

P

If hexa-hydrated cobaltous bromide is kept in vacuo over sulfuric

acid, it will be slowly dehydrated to the anhydrous,.green cobaltous

bromide. The dehydration requires several days.

CoBr*- 6HtO^ CoBn + eH»0

Walter N. Hartley, J. Chem. Soe. (London), 87, S02 (1674) 46
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HNOi

CoBrCOjent
ni-26

KaBr

To SO g. diethylenediamiDe cobalt (III) bromide carbonate in 120 cc.

cold water is added 15 cc. concentrated nitric acid. After adding

slightly more potassium hydroxide solution than is required for

neutralisation and some solid sodium bromide, a red precipitate of

dieihylenediamine cobalt dibromide monohydroxo hydrate is formed.

(a) CoBrCO, 2C,H4(NH,)t + aHNO,
(H,0 + COt + CoBr(NO,)i 2CiH4(NH*),)

(b) CoBr(NOi),‘2CiHi(NHt)t + KOH
(KNOi + CoBrNO»OH*2CtH4(NHt)i)

(c) CoBrNOjOH 2C,H4(NH,), + H,0 + NaBr
(NaNO,) + CoBrtOH 2CtH4(NH»)t>HtO

A. Wemer and S. Matinen, Helv. Cbim., 1, 79 (1918) 78

CoBriCiHrOt • eni • HtO
AgCl in-27

An aqueous solution of dietbylenediamine cobalt dibromide mono-
acetylacetonate hydrate is shaken with fre^y precipitated silver

chloride. The solution is then Altered, concentrate to a sirupy con-

sistency, and allowed to stand, whereupon crystals of d(ethylene-

diamine cobalt dichloride monoacetylacetonate dihydrate precipitate,

CoBriC|H,Or2CiH,(NH,)*.H,0 + 2AgCI + H,0
CoCUC>H70f2C>H4(NHt)i 2H»Q + 2AgBr

A. Weraar and 9. Matissen, H«lv. Cbim., 1, 80 (1918) 78

CoBfiCiHTOj • eni • HjO
AgNOj in-29

To a concentrated aqueous solution of dietbylenediamine cobalt
dibromide monoacetylacetonate hydrate is added a solution of silver

nitrate. The 'solution is filtered, the excess silver in the filtrate

precipitated with sodium chloride, the solution again filtered, concen-
trated, and allowed to stand, whereupon crystals of diethylene-
diamine cobalt dinitrate monoacetylacetonate precipitate.

CoBrsC4H70j‘2CiH4(NHi)j HjO -(- 2AgNO}
Co(NOi)t-C>H70,-2C»H4(NHt)> H- 2AgBr -h (HsO)

A Werner and 8. Matiesen, Helv. Chim., 1, 80, (1918) 7s
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CoBrtCtHTOf * GDt * HfO
AssS04 ni-29

An aqueous solution of diethylenediamine cobalt dibromide mono*
acetylacetonate hydrate is shaken with freshly precipitated silver

sulfate and HJtered. The excess silver is precipitated with sodium

chloride, the solution again filtered, concentrated, and allowed to

stand, whereupon crystals of diethylenediamine cobalt sulfate

acetylacetonate dihydrate precipitate.

CoBr,C*H,Or2C,Hi(NHi), HtO + AgtSOi + H,0
CoSQ4CtH70> 2C,H4(NHt)t 2HtQ + 2AgBr

A. W«rner and S. NfatiaMo, Helv. Chim., 1» 81 (1918) 7S

CoBrtCiHTOf *eD»’ H|0
HCIO4 ni-30

A concentrated aqueous solution of diethylenediamine cobalt dibro-

mide mODoacetylacetonate hydrate is treated with perchloric acid or

solid sodium perchlorate to give a precipitate of diethylenediamine

cobalt diperchlorate monoacetylacetonate.

CoBnCiHrO, 2C,H4(NH,), H,0 + 2HCIO4
Co(ClQ4)tC>HTQi 2C>H4(NH<)< -f (2HBr H- H,0)

A. Wsrner and S. Matissen, Helv. Chim., 1, 82 (1918) 73

CoBriC|HTOf * en^ * H^O
Ki m-di

A solution of diethylenediamine cobalt dibromide monoacetylaceto*

nate hydrate is triturated with solid potassium iodide to produce a

bright red precipitate of diethylenediamine cobalt dl-iododimono-

acetylacetonate hydrate.

CoBrAHrO, 2C,H4(NH,)i H,0 + 2KI
^ CoItC4H;0> 2C>H4(NH>)rHtO H- (2KBr)

A, Werner sod 8. Matissen, Helv. Cbim., 1, 80 (1918) 78
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CoBr^CrH|NOt - ent

HCIO4

Dietby]6nediamiQe cobalt dibromide monobensobydroxamate reacts

fnth perchloric acid to give diethylenediamine cobalt diperchlorate

moDobeniohydroxamate.

CoBriCrHeNO, 2C,H4(NH,), + 2Ha04
Oo(C104)rC»H4NOr2CtH4(NH,), + (2HBr)

A. Werner and Q. Matieseo, Helv. C^m., 1, 63 (1918)

CoBr^CyHiNOt * out

1«H«SCK Ill-dd

To a concentrated aqueous solution of diethylenediamine cobalt

dibromide monobeniohydroxamate is added ammonium thiocyanate

to obtain an amorphous precipitate of diethylenediamine cobalt

dithiocyanate monobensobydroxamate which crystallises on standing.

CoBr,C,Hm 2C,H4(NH,), + 2NH4SCN
Co(SCN),C7H4NOt 2CtH4(NH,)t + {2NH4Br)

A. Werner and S. Matisaen, Helv. Chiin., 1, 83 (1918) 78

CoBrsCTHtNOi * eoa

(lfH4)tS04 III-34

A concentrated aqueous solution of diethylenediamine cobalt dibro-

mide monobensohydroxwnate is triturated with solid ammonium
sulfate to obtain a precipitate of diethylenediamine cobalt mono-
sulfate monobensohydroxamate trihydrate.

CoBriCrHiNOt 2C,H4(NH,), H- {NH4)iS04 -h 3H|0
C0SO4C7H4NO, 2CtH4(NHt)t SH^O + (2NH4Br)

A. Wemer and S. Matiasen, Helv. C^him., 1, 84 (1918) re
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CoBfsC7HiNOi * 6ni

NasSsOa ni-36

An aqueous solution of dietbylenediamine cobalt dibromide mono-

bensohydroxamate is triturated with solid sodium dithionate to

obtain a precipitate of dietbylenediamine cobalt dithionate mono-

benzohydroxamate dibydrate.

CoBnCrH,NOr2C,Ha(NH,), + Na,S,Oa + 2H,0
^ CoStOiCyHaNOr 2CtH4(NH,)t 2H<0 + (2NsBr)

A. Weroer sod 8. MatiBMn, Relv. Cbina., 1, $3 (1918) 78

CoBrtOH 'ODi.HtO

Acetyl Acetone in-36

One g. dietbylenediamine cobalt dibromide monohydroxo hydrate

dissolved in 10 cc. water is refluxed for half an hour with 0.6 g. acetyl

acetone. The solution is then concentrated to half its volume and

sodium or potassium bromide added, whereupon red crystals of

dietbylenediamine cobalt dibromide monoacetylacetonate hydrate

precipitate.

CoBnOH 2CiH4CNHi)i HiO + CHi(COCHi)i
CoBr>C>HTOt 2CtH4(NHt)> H>0 + (H,0)

A. Werner sad S. Matiseen, Helv. Chim., 1, 79 (1018) 78

CoBryOH * ent *H}0
Benzobydroxamic acid in«d7

An aqueous solution of dietbylenediamine cobalt dibromide mono-

bydroxo hydrate is refluxed with bensohydroxamic acid for half an

hour. Addition of solid potassium or sodium bromide precipitates

dietbylenediamine cobalt dibromide monobensohydroxamate.

CoBnOH 2C,Ht(NHt)» H,0 + OeHjCOHNOH
^ CoBr«CtH<NOf2C>H4(NH»)t + (2H.O)

A. Weroer and S. Ma^ssen, Helv. Cham., 1, 82 (1918) 78
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Co(CH,COO),

NajTe III-38

HCiSjOi

A b6avy black precipitate forme when a solution of cobalt acetate,

acidified with acetic acid is treated with sodium telluride.

2Co(CiHiO,), + 3Na,Te + 4U,0 + 2HCjH,0,
CotTe« 4HtO + (6NaC*H|0, + Hj)

C. A. Tibbsla, Jr., J. Aa. Ch«n. S«., 81, M8 (1909) 1

Co(CH,COO)i
t m-39

A solution of cobaltous acetate if subjected to electrolysis is oxidised

to the trivalent cobalt salt. This decomposes with water again to
the divalent state and liberates oxygen.

(a) Co(CH,COO)i + CHtCOO--^ Co(CH,COO)i + (-)

(b) 4Co(CH,COO), + 2HtO
4Co(CH,COO), + 4CH,COOH + 0*

K. Elba, Z. Eidktrochem., 3, 70 (1896) og

Co(CH,COO),-4H,0
CH,COOH

NaNOs
riMO

Sodium cobaltinitrite solution can be prepared by dissolving cobalt
acetate in water and acetic acid, then dissolving sodium nitrite in
water, filtering and mixing the two solutions.

(Co(C8H,0,)r4H»0 + CHjCOOH + 6NaNO,
^ Na,Co(N0,)i + 3NaC,H,0* + 4H*0 + (H))

R. H. Adie and T. B. Wood, J. Chem. Soc. (loodon), 77, 1076 (1900)



12 ENCYCLOPEDIA OF CHEMICAL REACTIONS

Co(CH,COO)t 4H*0
NaNO, m-41

CH3COOH
The solutions of cobalt acetate, glacial acetic acid and sodium nitrite

are added together and gently warmed. NO is evolved and evacu'

ated, the following reaction takee place.

14NaNO, + 2Co{C,H|Oi)i 4HtO + 4HC,H,Oi
^ 8NaC,H,0, + Na.Cot(NOt)ii 2H,0 + 2NO + 6H,0 + 2H,

Bowser, J. Ind. £ng. Chem., 1, 791 (1909) St

Co(CH,COO)4
CioHeONO ni-42

Cobaltic acetate will react with a 2% solution of a-nitroso /9-naphthol

in acetic acid yielding a precipitate of an inner complex cobalt salt.

Co(CH|COO)i + 3C,oH,ONO + 2HjO
Co(C»H,ONO)i 2HtO + SHC.HiO,

C. Mayr and F. Fdgl., Z. anal. Cbam., 90, 17 (1932) S8

CoCCHtCOO)*
CjoHtONOs 11M3

CobalUc acetate will react with o-nitro /H-naphthol yielding an insolu*

ble cobalt salt.

Co{CHtCOO), + 3CioHjONOi-» Co(CipH*ONO^ + 3HC»HA

C. Mayr, Z. anal. Chem., 98, 402 (1934) S8

CofCH^COO),
4 ni-44

An aqueous solution of cobaltic acetate changes to the trioxide when

heated to 170^.

2Co(CtH|Oi)i + 15HtO (12COt + 24H0 + CojOi
Riban,

Hef., A. Heniunger, Ber., 9:2, 1133 (1870) t$
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Co(CN),

13

solutions of cobaltous C3^zude

added together while air is excluded.

in-46

and potassium cyanide are

2Co(CN)i + 8KCN + 2H,0^ 2K.Co(CN). + 2KOH + H,

2w«ig«r, Aiui., W, 162 (1847)

Co{CNS),

AgCKS I1I-46

A very cone, solution of cobalt thiocyanate was saturated with solid

silver thiocyanate and cooled. The salt formed, has a brilliant blue

color; it loses water below 100® and its color changes to dark green.

Co(CNS)i + AgCNS + 2H,0 CoAg(CNS)r 2HtO

Sbino sad Wells, Am. Cbem. J., 477 (1903)

Co{CNS),
CSNjHi ni-47

Thiourea is added to a diluted solution of cobalt thiocyanate. The
liquid is kept boiling for a short time. On cooling, brown colored

needles are formed.

Co(CNS), + 2CSN,H, Co(CSNtH4)«(CNS)i

A. Rosenheim sad V. J. Meyer, Z. aoorg. Chem., 49, 13 (1906) 2$

CoCOi

m-48
NasCOi

Solutions of cobalt carbonate, bromine, and sodium carbonate
probably react according to the following equations.

(a) Br, + 2Na,COj + H,0^ 2NaBr + 2NaHCOa + 0
(b) 4NaHCOi + 2CoCO, + 0 [CoCNaC0,),),0 + 2CO, + 2H,0
R. B. Durrant, J. Chem. Soc. (London), 37, 1790 (1905) is
Ref., Green, Proc. Roy. Soc. Edin., 7, 56 (1$90)
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CoCOt
CHsClCOOH III-49

CCIiCOOH

Cobftlt carboDate will react with monochloroaceUc acid yielding

cobaltoua moDOchloroacetate of ^yrup-like coQ»6tency. The eame
type reaction occurs with trichloroacetic acid.

(a) CoCOi + 2CHiaCOOH Co(CH>ClCOO)i + H|0 + C0|

(b) CoCOi + 2CaiCOOH + 3H,0
Co(Cq|COQ)«»4H>0 + COj

F. Z. enorg. Chem., 82, 298 (1902) fs

CoCOi
CHfSHCOOH ni-60

CHtSHCOONa

Thioglycolic acid is saturated at 100^ with cobalt carbonate. A
precipitate of brownish red color, the acid cobaltous salt of the com-
plex cobaltous-thioglycolic acid is formed. A simiJar type reaction

occurs with sodium thioglycolate.

(a) 3CoCO, + 2CH,SHC00H + 12H,0
^ (Co(SCH,C00)i)tCoHrllH,0 + 3C0*

(b) CoCOi -|- 2CH*SHCOONa + 6HtO
Co(SCH*COONa)i*6H80 + CO»

A. Roeenbeiffl ao4 I. DiTidsoho, Z. soorg. Chem., 41, 231 (1904) SB

CoCOi
HCIO4 in-61

Cobaltous carbonate is treated with perchloiic acid and evaporated
in a vacuum over sulfuric acid.

CoCOi + 2HC104^ Co(aO*)* + (H,0 + CO,)

Goldblum sod TerUkovsld, Bull. soc. ehim. (4| (1912) (France) 11, 103
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CoCOi

HlOi m-52

Cobalt (II) carbonate, when dissolved in warm iodic acid, is trans-

formed into cobalt (11) iodate.

CoCO, + 2HIO,^ Co(IO,), + {H,0 + CO*)

Werner and P. Karrer, Helv. Chirn., i, $2 (1018) 7S

CoCO*

HNOi m-6$

If cobalt carbonate be treated with dilute nitric acid, cobalt nitrate

will be formed; carbon dioxide and water will be formed at the same
time.

CoCO* -h 2HNO* Co(NO,)» -I- H|0 + CO*

Samuel H. C Briggs, J. Cbem. 8oe. (London), 1U:1, 7$ (1919) ^8

CoCO*
HiCiHiOi in-64

Cobalt carbonate dissolves when digested with malic acid, and on
treatment with alcohol, a basic cobaltomalate (amethyst colored) is

precipitated. The pentahydrate forms at 100®C and the tetra-

hydrate at 140^C.

2CoCOj + HiC^HiO* + 4H,0 C0C 4HA CoO 6H*0 -f- (200*)

S. V. Pickering, J. Chem. Soc. (London), 107, 046 (1915) 57

CoCO*
HiCrO* TII-66

Cobalt chromate is formed when cobalt carbonate is heated with
chromic acid.

CoCO* -I- HiCrOi CoCr04 + (HtO + CO*)

S. H. C. Briggs, Z. anorg. Chem., 63, 325 (1909)
Ref., S. L. Howe, J. Am. Chem. Soc., 33, 183 (1911) j
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CoCO)
H$Fs ni^66

Cobalt fluoride is fonned when cobalt carbonate is treated with

hydrofluoric acid.

CoCO, + H,Ft ^ CoFt + H,0 + COt

Berselius, Atm. cbim. phyg. (2], 24, 61 (1823)

Ref., ibid., Pogg. Aim., 1, 28 (1824)

Ref., Edmiflter and Cooper, J. Am, Chem. Soc., 42, 2419 (1920) /

CoCOi
HtFs m-57

Cobaltous carbonate Is dissolved in hydrofluoric acid.

2CoCO, + 3H,Fi + 12HiO 2CoFi HF 6HtO + (2H,C0»)

F, H, Edmister aad H. C. Cooper, Science, 80, 444 (1919) 96

CoCOj
KtOi 111-68

Cobaltous carbonate is treated with hydrogen peroxide in the pres-

ence of potassium acid carbonate.

2CoCO, HtOi Co,0(CO,)i + H|0

R, Q. Durrant, J. Chem. Soc. (London), 87, 1782 (1908) SS

CoCOt
RtOt in-69

EHCOa

If cobalt carbonate is reacted with hydrogen peroxide and potas^um
bicarbonate, the products are carbon dioxide, water and cobalt potas-

sium carbonate.

4KHCO, + 2CoCOi + (Co(KCO,),l,0 + 2COi + 3Hi0'.

R. O. Durrant, J. Chem. Soc. (London), 87^, 1783 (1905) lOS
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OoCOi

« cA ni-60
HiSOi

^pli^ltoua carbonate ia dissolved in a solution of sulfurous acid and

Resolution treated with alcohol; the product crystallises with water.

CoCOt + H^O» + 4H,0 CoSO, 5HiO + (CO,)

Rohrig, I f- Prakt. Chem. 12], $7, 217 (1888) tS

CoCO,

H.SO.

Sulfuric acid reacts with cobalt carbonate to form cobalt sulfate.

CoCOi + CoS04(+H,0 + CO,)

H, K. Denham, J. Chem. 9oe. (Loodcn). 93, 61 (1008) S7

CoCO,

H,SOi in-62

Cobaltous carbonate is dissolved in dilute sulfuric acid and the

filtrate concentrated; the product crystallises with 7H,0.

CoCO, + HSO4 + 6H,0 - CoSO, 7H,0 + CO,

Ochener de Coninek, BuU. Acad. (Belf.), 633 (1904) tS

CoCO,
EiSeO, ni-6d

A cold solution of cobaltous carbonate is treated with an equal volume
of selenous acid in water and heated.

3C0CO, + 3H,SeO, (CoSeOi), H,0 + 3H,0 + 3CO,

BourtMureftQo, Ann. chim. phye. (€| , 16, 318 (1880} 2S

CoCO,
HJ^O, III-64

Cobaltous carbonate is dissolved in phosphoric acid and the solution

boiled.

2CoCO, + 3H,P04 + H,0 2C0HPO4 3HtO + 2CO,

Debray, Ann. chim, phys. f3|. 61, 438 (1860) g$
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ECN
O,

C3OSH4

Potassium cobalti^cyauide is prepared by dissolviiig cobaltous car-

bonate in acetic acid, then adding a solution of potassium cyanide and
oxidising with a current of air:

(a) (CoCO, -h 2C,0,H* Co(C*OrfI,)t -I- CO, H- H,0)

(b) (4Co(C,0,H,), H- 24KCN H- 2H,0 + 0,
4K,[Co(CN),) + 8KC,H,0, + 4K0H)

ChristeDsen, J. f. prakt. Cben., 31, 163 (1885)

R«f., Mathieu a&d Ooroevi&i J. Cbim. phys., 36, 271 (1839) e$

CoCO,
m-e6

CoCO,
EECO, ni-ee

H,0,

Cobalt carbonate, potaasium bicarbonate, and hydrogen peroxide

react in solution to fonn (Co(KCOi),],0, carbon dioxide and water.

4KHC0, 2CoCO, + (Co(KCO,),),0 -h 2C0, + 3H,0

R. Q. Durrant, J. Chem. Soc. (London), 37, 1781 <1005) 1$

CoCO,
HNO,

KNO, in-67

To a suspension of cobaltous carbonate in a small amount of water
is added potassium nitrite and nitrous acid yielding potassium
cobaltinitrite and potasaum carbonate.

2C0CO, + lOKNO, + 2HNO, 2K,Co(NO,), + 2K,CO, + H,

Rosenheim and Eoppel, Z. &norg. Chem., 17, 42 (1898) 19
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CoCO*

ir,H ni-66

Cobftlt carbonate will react with tn&zoio acid yielding cobalt triasider

a powder of reddish-brown color.

CoCO, + 2N,H ^ CoNi + HjO + COt

LothAr Wabl«r and P. Mertio, Ber., M, 586 (1917) g8

CoCO,
S(CH,COOH)f ni-6»

Mixture of cobalt carbonate solution with thiodiacetic acid and
etbylenediamine results in the formation of a clear solution. After
evaporating and cooling, a double salt precipitates.

CoCO, + 2S(CH,COOH), + C.H^fNH,). + H,0
S(CH,COO),Co 8(CH.COOH). C.H,(NH.).-2H.O + (CO.)

T. S. Price and 8. A. Bnuier, J. Cbeni. Soc. (London), lOT, 1373 (1915) S7

CoCO,
SO, ni-70

Cobaltous carbonate solution is saturated with sulfur dioxide. The
product crystallises with 3HiO.

CoCO, + SO, + 4H,0 -* CoSO, 3H,0 + (H,CO,)

Sohuls, Tide. Kemi. Bergvaeeeo, 4, 195 (1924)

CoCO,NOr4NH|
HNO,

jj

If a solution of carbonate cobaltic nitrate tetrammoniate ia treated
with dilute nitric acid, wanned gently and just neutralized with
potassium hydroxide, dihydrated cobaltic nitrate tetrammoniate will
be obtained in the solution.

CoCO,NOr4NHi + 2HNO, + Hrf)

Co(NO,),-2H,0-4NHj + CO,
Samuel H. C. ^rigga, J. (3hem. Soc. (Londoo), 116:1, 72 (1919)
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Co(CO)4

Brs ni-72

Cobalt tetracarbonyl reacts with bromine to yield cobaltous bromide

and carbon monoxide.

Co{CO)4 + Br, CoBr, + 4CO

L. Mond, H. Hirts, ud M. D. Cowsp, J. Cbem. Soc. (London), 97 ;1, 804

(1910) iOS

IS

Co(CO)i
Bri ni-73

HNOi

Cobalt carbonyl is decomposed in presence of nitric acid or bromine.

(a) Co(C0)< + Br, CoBr, + 4C0
(b) 2Co(CO)i + 6HN0t

2Co(NOi), + SCO + (3HtO + NO + NO,)

L. Mond, H. Hirts and M. D. Cowap. J. Cbem. Soe. (London), 97, 804 (1010) 57

Co{CO)4

NO XU-74

Nitric oxide reacts with cobalt tetracarbonyl at 40^.

Co(CO)4 + NO Co(CO)r NO + CO

Mend and Wallia, J. Cbem. Soe. (London), 191, 29 (1921) 95

Co(CO)4

4 m-Ts

Cobalt tetracarbonyl is decomposed to tricarbonyl at 60^ in about

two days.

Co(CO)4 Co(CO), + CO

L. Mond, H. Uirts and M. D. Cowap, J. Cbem. Soc. (London), 97, 804 (1910) 57

ts
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CoC,04

KOH
Normal cobalt oxalate is suspended in water, the air excluded and

then treated with potassium hydroxide.

3CoC|Oi H- 4KOH^ 2Co(OH), CoOi04 + 2K,C*04

C. Winkeiblecb, Ana., IS, 16S (1835) £6

CoCt04
K1C1O 4 IU-77

Cobalt oxalate is dissolved by a solution of potassium oxalate and the
solution evaporated.

3CoC»04 + 2K,CiO*— (K,C,04)r(CoC,04)i

Deakia, Scatt tad Steel«, Z. physik. Cbem., SS, 123 (1909) es

CoCs04
A ra-78

CO

H,

Cobalt oxalate is converted to oxide by heating. Cobalt oxide is

reduced to cobalt by hydrogen at 300® and 5 atmospheres pressure.
Cobalt thus prepared, heated with carbon monoxide at 150® and
30-40 atmospheres, forms cobalt carbonyl.

W CoCtOi CoO + CO* + CO
(W C0O + H*^Co+ H,0
(c) Co + 4CO Co(CO)4

L. Mond, H. Hirti and M. D. Cowap, J. Chcm. Soc. (London), 97, 803 (1910) $7
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CoCiHfOf
K2CiHi04 III-79

A double malonate of cobalt aod potaa^um can be prepared by
dividing a sample of malonlc acid into two equal fractions, and
neutralising the first half with potassium hydroxide and the other
with a slurry of cobalt hydroxide. Mix the two solutions, add a
little malonic acid and evaporate on a water bath. The hydrated
double salt of a pinkish tinge will deposit. Anhydrous potassium
cobaltomalonate Is formed by complete evaporation of the solution.

The same type reactions occur when the malonates of ammonium
rubidium and cesium are mixed with cobalt malonate.

CoC,H,04 + K,C,H,04 + 4H,0 ^ K,Co{C,Ht04)i-4H,0

R. C. Lord, J. Phys. Cbem,, IX, 173 (1907) 7

A
Co(C^UiN)S\Fi

III-80

Cobalt tetrapyridine fluosilicate (from the reaction of a water solution
of the fiuosilicate and pyridine) decomposes at temperatures up to
83® in the following manner. (At higher temperatures silicon tetra*
Huoride is given off.)

(a) Co(C4H|N)4SiF# Co(C4H4N),SiF. + CiHiN
(b) Co(C4H|N)^iF4 Co(C4H4N)^IF4 + C4H4N

W. T. L. Br«ck and P. A. Vander MeuUn, J. Am. Chem. 8oc., 58, 3699 (1081) 10

Cu

Pb

Co(CiiHaiOi)t

in-81

Cobalt oleate in toluene reacts at the boiling point with metallic
copper and with lead which become coated with a white lustrous and
a black deposit respectively. In the same way lead reacts with
solutions of anhydrous cadmium oleate, chromic oleate, manganous
oleate and nickel oleate in toluene at the boiling point. There is no
reaction with magnesium, cadmium, sine, bismuth, antimony,
cobalt, aluminum, silver, platinum, iron or copper. Ferrous oleate
under the same conditions reacts with none of the metals.

(a) Co(CwH«Oi)* + Cu ^ Co + Cu{CiiHi,0,),

(b) Co(C„H„0,), + Pb Co + Pb(C„H„0,)*

J. L. Sammis, J. Phys. Chem., 10, 593 (1906)
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HCl

Co(CuH,iOi)j
111-82

Dry hydrogen chloride, when added to a solution of cobalt oleate in

benscne, causes an immediate precipitation of blue cobalt chloride.

The reaction proceeds quantitatively but the precipitate is con-

tamioated by some oleic acid. When nickel oleate is substituted for

the cobalt salt, a similar reaction occurs, brownish yellow nickel

chloride being formed. With copper oleate solutions similar behavior

is observed, the precipitate consisting of brown copper chloride. The
reactions are not ionic.

(a) Co(Ci,H„0,), -h 2HCI 2Ci*H„OtH + CoCU

(b) Ni(C„H«0,), + 2HCI 2C,eH„0,H + NiCIt

(c) Cu{C«H«0,), + 2HC1 ^ 2CuHiiO|H + CuCU

L. Kahleoberg, J. Phya. Cham., 6, I (1902) 7

Co(C]iHuOt)t

HaS in-83

Dry hydrogen sulhde gas passed into a solution of cobalt oleate in dry
bensene will precipitate the metal sulfide at once. Similar reactions

are observed when hydrogen sulfide is passed into solutions of nickle

or copper oleate in benzene.

(a) Co(Ci,H„Ot), -h HtS 2CiiH«0,H +
(b) NiCCiiHjiOi), + H,S 2CuH«0,H +^
(c) Cu(Ci|H«Ot)j + 2CmH«0,H +
L. Kablenberg, J. Phys. Cham., S, ] (1902) 7

HjO
CoCIBr,(H,0) 3NH,

m-84
Tnhydroxo dicobalt tribromide bexammine is prepared by warming
aquocobalt chlorodibromide triammine to 60®.

2[CoClBrj(H80) '3NH,I -j- H,0
-^Co,(OH),Brr6NH,+ (2HCl|+[HBr)

A. Werner, Bar., 40, 4834 (1907)
Raf., J. J. Sudborough, J. Cham. Soc. (London), 94:2, 43 (1908)

r
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CoaCr04(H,0)i 6NH,
AgNO* in-86

A solution of hydrated chromato cobalUc chloride pentammoniate,

when treated with silver nitrate, yields a red precipitate of silver

chromate containing traces of silver chloride. Faintly colored

hydrated cobaltic chloro nitrate pentammoniate remains in solution.

CoClCr04(H,0)4 5NH, + 2AgNOi
^ AstCr04 + CoCl(NOi)i (H,0)i 6NH,

Samuel H. C. Briggs, J. Chem. Soc. (Uodon). 71 (1919) 4S

Co(C10i)s

NHs in-86

A concentrated solution of cobalt chlorate, which is kept in a hydrogen

atmosphere, is treated with a solution of concentrated ammonia.

Unstable crystals of pale red color are formed.

Co(ClO»)i + 6NHs Co(aO»)s 6NHi

F. ^hraim and A. Jaasea, Bar., 49, 46 (1916) 99

Co(C104)t 6NH«
H,0 in-87

By heating the salt cobalt perchlorate hexammoniate with water the

result will be cobalt hydroxide, cobalt perchlorate, ammonium
perchlorate and ammonia.

2Co(C104)i 6NH, + 2HiO
Co(OH), + Co{C104)s + 2NH4CIO4 + 4NH,

Roberto Salvadori, Gazs. cbim. ital., 40, 17 (1910) 9/

CoCl,

Ba(CN)s ni-8B

Cobaltous chloride in solution reacts with barium cyanide.

CoCU + 3Ba(CN)s ^ Ba,Co(CN)4 + Baa»

Descampe, Ann. chim. phya. [6], 24, 178, (1881) tS
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CoQt
CO

KOH
Carbon monoxide is absorbed by an alkaline suspension of a cobalt

salt to form KCo(CO)4 when a carrier such as a small amount of a

cyanide or cysteine is present.

2CoCIi + nco + 12KOH ^ 3K,COi + 2KCo(CO)4 + 4KC1

A. A. Blanebard uid P. GUmoDt^ J. Am. Chem. Soc., 6S» 1102 (1040) 16

CoClt

csk,H4
ni'9o

Blue-black colored crystals are obtained from the slow crystallizing of

a solution containing I mole of cobaltous chloride and 2 moles of

thiourea.

2CoCl, + 7CSN,H4 Co,(CSNtH4)TCl4

A. Ih)ieoheim and V. J. Meyer, Z. anorg, Chem., 49, 13 (1906) fS

CoClt
CiHioONt 111-91

With cobaltous salts 1:3 diamine isopropanol forms cobaltic coordi-
nation compounds which can also be obtained with roseo-cobaltic
salts.

(2CoCI, + 2C,HioONt-*2Co(C,H|ONt)Cl + 2HC1)

F- 0. Mann, J. Chem, Soc. (London), 2904 (1927).
Her. J- G. Breckenridge and J. W. R. Hodgins, Can. J. Res., B17, 331 (1939) 69

CoCI,
I.N

IJ

Crystals of deep-red color are obtained when a solution of cobalt
chloride reacts with pyridine at elevated temperature. By heating
the red crystals for one hour at a temperature of 115^-120® partial
decomposition takes place.

CoCl, + dCjHjN ^ CoClr4C>H^N
(b) CoCl, 4CjHiN -• CoClt CjHtN -I- 3CtH*N
F. ReUenslein, Z. anorg. <3iem., 11. 254 (1890)
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CoClt

CsOHsNS m-93
NH|

A hydrated cobaltic salt is formed by adding an alcoholic or acetone

solution of thioglycolic acid anilide to a neutral solution of a cobaltous

salt and then making the mixture ammoniacal. The initial precipi-

tate is red but it forms red-brown flocks on standing. The pre-

cipitate after washing and vacuum-drying has the composition,

Co(CiOH|NS)i'4HiO. The water is lost when the product is

warmed in a drying oven at 120'’ (b).

(a) 4CoCli + Of H- 12C*OHtNS 14H,0 -1- 8NH,
- 4Co(C,OH>NS)> 4HiQ -h 8NH 4CI

(b) Co(C|OH»NS),-4H,0 Co(CiOH|NS)i + 4H,0

T. Benio, Z. aaal. Cbem.. 65, 430 (1931) 7

CoCit

ni-M
Cobalt salts form colored coordination compounds with 2,2'-bi-

quinolyl.

(CoClj + CiiHisNt CoCIf* CiiHitNs)

J. G. Breckenridge, R. W. J. Lewi* and L. A. Quinck, Can. J. Res., BIT, 26S (1939) 69

CoCl,

EtOt ni-96

When cobaltous acid is made by the action of hydrogen peroxide on
cobaltous chloride, the reaction is possibly an equilibrium reaction.

H,0, + CoCl, -h H,0^ H,CoO, + 2Ha
A. C. Robertson, J. Am. Chem. Soc. 46, 2078 (1926) I
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CoCl,

HiSe in-96

H3^r(^«n seleoide mixed with nitrogen and hydrogen chloride vapor

is passed over cobaltous chloride heated to faint red temperature.

3CoCl, + 4H,Se^ CojSe^ + (6HCI + H,)

FroQzeft^DiftCoo, Compt. rend.* 191, 704 (1900) tB

HJiOi
CoCJ,

Cobaltous chloride is fused with titanic acid.

CoCI, + HjTiO, -4 CoTiOi + (2HC1)

L, Bourgeois, Bull. Soc. franc. Mioer, 19, 194 (1893)

in-97

SB

CoCI,
Hgo

KMnO^

A solution of cobaltous chloride is treated with mercuric oxide and
potassium permanganate.

aCoCI, + 6HgO + 2KMn04
SHgCIt + 2KCI + 2MnOt + 3Co,0,

C. Winkler, Z. anal Chem., 3, 295 (1864)

1%

cu

CoCI,

ni-99

Add 16 grams of iodine to a saturated solution of 10 grams of cobal-tMS chloride, then pass chlorine gas through this solution. Needles
of red color, iodine tncWoride-cobaltous chloride are obtained Theproduct crystallizes with SHjO.

Coa,+ I, + 3Cls + 8H,0-»2ICl,-CoCl, 8HjO

.
— z. anorg. Chem., SO, 134 (1902) 28
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CoCl,

m-100

Changes in color brought about in solutions of cobalt salts by changes
in concentration and temperature as well as by addition of certain

other halide salts are to be attributed to the formation of complex
anions, as shown below.

2K^' + 2C1- + xCoQi-^ 2K+ + Clt(CoCl,)7

F. Q. Deansn and H. Bassett, J. Chem. Soe. (LondoD), 61, 939 (1902)

Ref., EohlscbCtUr, Ber, ST, 1193 (1904)
Ref., Stewart B. Watkins and Henry G. Denham, J. Cbem. Soe. (London), 11S:2,
1269 (1919) 4$

CoClt
KCN m-ioi

A brownish white precipitate of cobalt cyanide forms when a solution

of a cobalt salt reacts with potassium cyanide. This changes to

potassium cobaltocyaoide on further action with potassium cyanide.

(a) (CoCl,) + 2KCN Co(CN)i + {2KC1)

(b) Co(CN), + 4KCN K,Co(CN)e

A. R. Middleton and H. L. Miller, J. Am. Chem. Soc., 38, 1708 (1916) I

CoCI]

ECK nM02
Solutions of cobaltous chloride and potassium cyanide are mixed at a

low temperature.

CoCl, + 6KCN K4Co(CN)e + (2KC1)

A. Deecampe, Ann. chim. phys. (5], 84, 193 (1881)

CoCU
ECN m-103

Solutions of cobaltous chloride and potas^um cyanide are added
together.

CoCl, + 2KCN + 3HtO ^ Co(CN), 3H,0 + 2KC1

Rammelfiberg, Pogg. Ann., 42, 118 (1837)

Ref., Descampe, Ann. chim. pbya. (5], 16, 430 (2878)
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CoCIf

KCNO UI-104

Saturated alcoholic soJutios of poUosium cyaoate when added to

cobalt soJta gives a royal blue color.

4KCNO + Coa,-* K,Co(CNO>4 + 2KC\

Dorriofton and Ward, Analyat., 64, 327 (1929)

CoClt

KCNS 111^106

IfHiCKS

Aq alcoholic solution of cobaltous chloride will react with an alcoholic

solution of potassium thiocyanate yielding potassium cobaltous
thiocyanate in solution and potassium chloride in form of a precipi-

tate which is filtered off. The same type of reaction occurs with
ammonium thiocyanate.

(a) CoClf + 6KCN$ KiCoCCNS)! + 2KC1

(b) CoCI* + 6NH4CNS (NH4)4Co(CNS)4 H- 2NH4CI

P. Walden, Z- aoorg. Chcm., M, 373 (1900) „

KHFt
CoCI,

A mixture of cobaltous chloride and potassium acid fluoride is
for some houra at 220* and then to the melting temperature
cooling the mass is extracted with 97% alcohol.

III-IOS

heated

After

CoCl, + 2KHF, K,CoF4 + 2HC1
Poulenc, Compt rend,, 114, 746, (1892)

KH$
CoQ,

Potassium hydrogen sulfide reduces cobaltous
cobalt.

m-107
chloride to metallic

CoCU + 2KHS Co + (2KC1 + H,S + S)
Jacob Myere, Ber., S, 440 (1873)
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CoClt

KMaO* m-108

HgO

Potassium permanganate will oxidUe cobaltous chloride in the

presence of mercuric oxide.

dCoCIt + 6HgO + 2KMn04 + 11H|0
^ 6Co(OH)» + 5HgCU + 3KC1 + 2Mn02’Ht0

C. Winkler, 2. anel. Cbem., Z, 420 <1864)

Ref., J. Am. Chem. Soc., 80, 174 (1808) i

CoClt
ENOi m-109

Potassium nitrite is added in excess to a cold solution of cobaltous

chloride and the mixture allowed to stand a while.

3CoClt + 12KNO, + H,0 3Co(NO>)r6KNOt>HtO + (6KC1)

O. L. Erdmann, J. f. prakt. Chetn., 87, 397 (1866)

Sodtler, Am. J. Sci., [21, 49, 199 (1870) $6

CoCl,

ENOi m-iio

HNO,

A solution of cobaltous chloride acidi&ed with acetic acid is mixed

with potassium nitrite and nitrous acid.

CoCIi + 5KN0t + 2HNOi K>Co(NOt)t + 2KC1 + NO + H,0

Fi6cber, Fogg. Ann., 74, 124 (1848)

CoCl,

KOH infill

CO

In the presence of cysteine, alkaline suspenrions of cobalt salts form

cobalt carbonyl, when treated with carbon monoxide.

2CoCU + 12KOH + IICO
2KCo(CO)4 + 3K,CO, + 4KCI + 6H2O

0. W. Coleman and A. A. Blanchard, J. Am. Chem. Soc., 66, 2160 (1986) 16
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CoCi,

KjCOi in-112

Mixturesofconcentrated solutions ofcobaltous chloride and potassium
carbonate are allowed to stand yielding crystals having 4H20.

CoCU + 2KjCOi + 4HiO KtCO,>CoCO> 4HiO + (2KC1)

Wood and Jones, Proc. Can. Phil. 8oe., 14, 171 (1908) gs

CoCl,

KHjOH'HCl 111-113

Four moles of hydroxylamiDe hydrochloride are added to one mole of
cobaltous chloride in solution contained in a flask filled with hydrogen
and then a few cubic centimetcra of alcoholic hydroxylamine added.
The mixture is heated on a water bath.

CoCli + 2NH,0H HCI ^ CoCit 2NHtOH»+ (2HCI)

W. Feldt, Ber., 27, 402 (1894)

ItH,

CoCI,

in-114
Solid cobaltous chloride absorbs ammonia and swells to a large
volume.

^

CoCl, + 4NH, Coa, 4NH,
H. Rom, Pogg Ann., 20, 157 (ISSO)

NHi
CoCi,

Continued passage of ammonia gas through a solution of cobaltous
chJonde jnelds a violet precipitate, decomposing to cobaltous chloride
diammoniate at 1 20^

CoCi, + ^ CoCU-6NH,
A. Nauroann, Bar,, S7, 4334 (1904)

nMi6

2S
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CoCl,

NH, m-iie

NO
A hot solution of 17 g. cobalt (II) chloride in 25 g. water ie poured into

85 g. concentrated anunonium hydroxide. The solution U then

filtered and saturated at room temperature, in the absence of air,

with nitric oxide to give a black precipitate of cobalt dichloride mono*
nitroso pentammoniate.

(a) CoCU + 6NH,^ (CoQ, 6NH,)

(b) CoCU 6NH| + NO-» CoCU NO»5NHi + (NH,)

A. Wem«r and P. Karr«r. Helv. Chim., 60 (1918) 78

CoCli

NH4NO 1 m-in
NH}

When a stream of air is passed through a 20% solution of ammonia

in which is dissolved cobalt dichloride and varying amounts of

ammonium nitrite, the following reactions take place.

(a) 4CoCl, + 8NH 4NO, + 12NH, + 0,

2H,0 + dNH^a + 4Co(NOi)tCl-4NH,

(b) 4CoCU + 4NH 4NO, + 16NH, + Ot

2H|0 + 4Co(NOi)Clf5NHi

(c) 4CoCU + 12NH 4NOt + 8NH, + Ot
^ 8NH 4CI + 2H,0 + 2Cot(NOt)t 6NHt

L. M. Jorgenseo, Z. soorg. Cbem., 7, 289 (1894) 28

CoCU
NH 4OH m-118

The precipitation of cobalt hydroxide in aqueous solution is pre-

vented by addition of an excess of ammonia due to the formation of

complexes, (b) and (c)

:

(a) Coa, + 2NH4OH^ Co(OH), -h 2NH,Cl

(b) Co(OH), + NH,-^ C5o(OH), NH,

(c) CoCl* + NH»— CoClfNHi

M. ChaUlet, J. Chun, phya., 83, 313 (1936) 69
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CoCI,

NH*OH in-119

The precipitation of cobalt hydroxide by ammonium hydroxide, (a),

is hindered by ammonium chloride due to formation of amrnoniates
in solution, (b, c):

(a) CoCI, + 2NH,OH -» Co(OH), + 2NH4C1

(W CoCI, + NH,^ CoCl, NH,
(c) CoCl, + 3NH,-,CoCl,-3NH,

M. Chatelet, J. Chiia. pbya., 33, 23 (1941) go

CoClt
IfHiOH

NO
in-120

1 7 Grama of crysUlline cobalt chloride are diaaolved in 25 co of water
and 85 grams of 25% ammonium hydroxide are added. After
aevera hours, the solution is cooled in ice, and nitric oxide passed into
the solution for some time. Black ciystals are formed. These are^oved by filtration, washed with cone, ammonium hydroxide and
dried m vacuo over potassium hydroxide. These crystals are a
complex compound, peDtamminenitrosocob&lt chloride.

2CoCl, + 10NH,OH + 2NO Co,(NO),(NH,)..CI. + lOH.O
J, Send and 0. Owwler, Ann., 333, 197 (1903)

(NH4),HP04

A . .
in-121A solution of cobaltous chloride is treated with the eouivalent

Ja'Sd tl drr“°“‘T
orthophosphate, the solution evapo-ated to dryness, and the residue dried at 100-105®.

^

CoCl, + (NH,).HPO, + Hrf) ^ CoNH.PO,.H.O + NH.Cl + HCl
Dakin, Z. anaJ. Chem., 39, 784 (1900)
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OoCl$
NtHCOa m-122

Solutions containi&g cobdtous chloride and eodium hydrogen
carbonste saturated with carbon dioxide are added together and
heated to 140^ in a sealed tube.

CoCU + NaHCOt CoCOi + NaCI + Ha
Seaennoat, Ann. chits, pbyc. [3], SO, 129 (ISSO) tb

• CoClt
NaOH nM23

An excess of sodium hydroxide is added to a cobaltoua chloride

solution.

CoClj + 2NsOH ^ Co(OH)» + (2NaCl)

T«ct and 8<oUi, Proc. Isdiasa Acad. 6ci., S4, 103, <1924) 35

Coat
NatB^Or m-124

Cobaltous chloride reacts with borax in solution to yield cobalt

tetraborate.

CoCU + NaiB40 T
-• C0B4O 7 + (3NaCl)

Row, Goat, chits, itni., id, 12, 609 35

Coat
NasCO, m425
$

A mixture of one part of cobaltous chloride, 6 parts of sodium car-

bonate and 6 parts of sulfur is heated for ten minutes in the blast

lamp, yielding cobalt trisulfide.

2CoCU + 2NsiCOi + 4S ^ Co,Si + (4NaCl + 2CO, H- SOi)

FcUenbcrg, Pogg. Ann.. 50. 73 (LS49) 35

»
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BftiOt

CoCI,
in-126

H1C1O4

Cobaltioxalic acid may be obtained in solution by treating a solution

0/ a cobalt salt with a slight excess of sodium peroxide and then

treating the cobaltic hydroxide with a cold saturated solution of

oxalic acid.

(a) 2CoCl» + Na,0, + 4H,0 2Co(OH), + 2NaCl + 2HC1

(b) 2Co(OH), + 6H,C,04^ H4Co,(C,0,)i + 6H,0

SUDley R. Benedict, J. Am. Cbem. Soe., tS, 172 (1906) /

CoCIt

NatSOi ni427

A diluted solution of cobaltous chloride added to a diluted solution of

sodium sulfite precipitates basic cobaltous sulfite. The product
crystallises with lOHjO.

6CoClt ^ SNaiSOj + 12H|0
5CoSO> Co(OH)rlOH40 + lONaCl + 2HC1

K. Seubert and M. ElUn, Z. anorg. Chem., 4, 44 (1993) i8

CoCl,
NssSeOj III.128

When solutions of cobaltous chloride and of sodium selenite are
mixed, there precipitates bluish red, amorphous, di-bydrated cobal-
tous selenite which changes to small prisms when heated.

CoCl, + Na,SeO, + 2H,0 CoSeO, »2(H,0) -|- (2NaCl)

L. F. NilBon, K. Sven. Vet. Ak. Handl Oven.. 31, No. 1, 41 (1974) tO

CoCl,
NsaTeO,

Cobalt teUurite is obtained as a dark, purple blue subsUnce,
solution of sodium tellurite is treated with cobalt chloride.

in-129

when a

CoCl, + Na,TeOj + H,0 CoTeO, H,0 + (2NaCl)

V. Uaher and E. Wolesenaky, J. Am. (Them. Soc., 36, 729 (1913)
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CoCl,

NatWO« m-lSO

A mixture o( two parts of cobaltous chloride, one part of sodium

tungstate and two parts of sodium chloride is fused.

CoCli + NaiWO* C0WO4 + WaCl

H. SebultM, Ano., ISS, 49 (1863)

Ref., Zettcow, Pogg. Aaa., 180, 259 (1867) tS

CoCI}

PH, m-131

Phosphine transforms slightly warmed cobaltous chloride into a gray

product insoluble in concentrated hydrochloric acid.

3CoClt + 2PH, - Co,P, + (6HCI)

H. Rose. Pogg., Ann., 34. 333 (1832) 85

(

CoCl,
IU-132

When a neutral solution of cobalt dicbloride is submitted to a process

of electrolysis, cobalt is precipitated in the pure state and free

chlorine gas is given off.

(CoCU-*Co + CU)

M. Bee^uerel, Checn. News. 6, 125 (1852) Wl

CoCli 6H,0

Na,MoO* m-133

Solutions containing equivalent weights of cobaltous chloride and

sodium molybdate are mixed at room temperature and evaporated to

crystallization over concentrated sulfuric acid.

CoCli 6H,0 + NaiMo04 C0M0Q 4 HiQ + 2NaCl + 5HiO

Marckwald. Dissert. Bssel., 1895 85
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S&Cli

CoCli'6HiO
I1M34

Bbombic crystals are obtaioed when mole quantities of cobalt chloride

stannic chloride in solution are combined and cooled slowly.

CoCl, 6H,0 + SnCL ^ CoSnCl«-6H,0

8. M. JdrgeDsen, Daosk«, Vid. Setsk. Skr. |5|, 6, (1865) S6

CoCl, eNH,

H,0

Cobaltous chloride hexammoniaU is decomposed on hydrolysis,

forming a precipitate of cobaltous hydroxide and a clear supernatant

solution of ammonium chloride.

CoClt 6NH, + 2HtO ^ Co(OH)t + 2NH,C1 + 4NH,

Q. L Clark, A. J. Quick and W. 0. Harkins, J. Am. Chen. Soc., 48, 2489 (1920) J6

CoCl,

CiEtIViS, 111-136

Cobaltic chloride will react with rubeane yielding an insoluble cobalt

salt.

2Coa, + 3C,H|N^ , Co«(C>HtN,S>)> + 6HCI

J. V. Dtibsfcy, A. Okac, B. Okac and J. Trtilek, Z. anal. Chem., 9S, 189 (1034) SS

CoCU
KKO, in-137

If cobalt chloride is added to an acidified solution of potassium
nitrite, potassium cobaltinitrite is formed, yielding a product crystal-
lizing with 3H}0.

12KNO, + 2CoCls + 3H,0 Co,(NO*)i«6KNOr3H,0 + 6KC1
P. C. R4y, J. Chem. Soc. (London), 89 551 (1906) joS
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C0OI9

N«*s,0« in-138

Cobaltic chJoiide in aqueous solution reacts with sodium dithionite to
precipitate cobalt sulfide.

2C0CI, + 5Na*S*0*^ 2C^ + 6NaCl + 2Na,SOi + 6SO,

0. Bniock, Ann., 836, 29S (1904) fO

CoCU(H«0) dNHi
NaOH m-139

Cobaltichydroxychloride triammoniate is formed by action of sodium
hydroxide solution 00 CoClt(HtO) -3NH|.

3CoCl,(HiO) 3NH» + 3NaOH
-^Cot(OH),Cl,-6NH,+(3NaCl + H,0)

A. Weraer, 6«r., 40, 4334 (1907)

lUf., J. J. Sudborough, J. Ch«in. Soc. (iondon), 94 ;3, 43 (1908) S7

CoCli(H,0)-3NH,
NsjPtClj m-uo

A saturated solution of hydrated cobaltic chloride triammoniate will

react w*ith a concentrated solurioo of sodium chloroplatinate yielding

red crystals.

2CoCl 9(NH,),(H|0) + 3Na,Ptai + SH^O
[Co(NH>)>(OH9)]»- 8PtClr 8H>0 + 6NaCl

S. M. Jdrgeneen, Z. anorg. Chem., 6, 147 (1894)

CoCl, H,0 5NHt
Decomp. ni-141

Hydroxocobaltic chloride pentammoniate changes spontaneously

into chlorocobaltic chloride pentammoniate.

CoCU H,0 5NH, (>»Ciai 5NHi + HtO

Samuel H. C. Briggs, J. Chem. Soc. (London), 116:1, 285 (1919) 4B
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CoCl, H,0-6NH,

KiCfO*

If to a aolution of hydroxocob&Itio chloride pentammoniate (prepared

by dissolving 25 grams of the substance in 525 cc of water and 52.5 cc

of concentrated ammonia) a solution of potassium chromate (16

grams in 500 cc water) is added, both reactants being kept at 60^, 23

grams of brownish red crystals of chromatocobaltic chloride pent-

ammoniate are obtained. If to the mother liquor (at 50"), more

chromate is added, the compound listed under (b) precipitates in the

form of yellowish brown prisms.

m-142

(a) CoCl«* HiO* 5NH| + KsCrO<
^ CoCrO^g 5NH, + HjO + 2KC1

(b) (CoCl, H,0 5NH, ^ K,CrO* -|- 4HtO
CoClCrO^ 5HtQ 5NHt -h 2KCI)

Samuel H. C. Briggs, J. Chein. Soe. (London), 115:1, 70 (191 d) 48

CoCli*5NH|
AgF UI-143

A saturated solution of chJorocobaltIchloride pentammoniate is

treated with a 0.3% solution of silver fluoride. A red precipitate of

the fluoride appears and is purified by washing with a 25% solution of
ammonium hydroxide.

(Co(NH,)*Cl)Cl, -I- 2AgF^ (Co(NH>)>C1)F, -i- 2AgCl

M. 8, Litvinoff, J, Gen. Chom. (USSR), 10, H9l (IWO) 60

CoCU 5NHt
CsHsNj’HsO

III-144

The action of hydrated ethylenediamine on cobalt trichloride pent-
ammoniate gives triethylenediaminecobait trichloride and free
ammonia.

CoCIrSNH, + 3CtN,Hi H,0 CoCI, 3C,N,H, + 5NH, + H,0
S. M. JSfgermeD, Trans. Faraday Soc., 29, 626 (1933)
R«f., J. P. Mathieu, J. Chim. phys., 33, 78 (1938) eo
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CoCU 6NH,
AgF m-145

A saturated solution of cobalticUoride hexamrooDiate is mixed in the
cold with a slight excess of a 0.3% solution of silver fluoride. The pre^
cipitated, yellow, crystalline product is freed from silver chloride by
washing with 10% ammonium hydroxide.

(CoCl,« 6NH, + 3AgF-» CoFr6NHi + SAgCl)

M, S. Litvinoff, J. Gen. Cbem. (USSRh 10, 1490 (1940) $0

CoCU 6(NHj)
K[(NH,),Co(NO,)*) Ill.Ue

A solution of luteocobalt chloride will react with a solution of potas*

slum diammino cobalt nitrite yielding a precipitate of orange-yellow

color.

CoCls 6(NH,) +3K(fNH,)eCo(NO,)i)

Co(NHi)r[(NOe)t(NHj),ComQ>)tla + 3KC1

3. M. JdrgeoseD, Z. anorg Cbem., 6, 147 (1894) is

CoClreNH*
Na,(Co(NOi)*] m-147

A solution of cobaltic chloride bexammoniate will react with a solution

of sodium cobaltinitrite yielding a precipitate of luteo cobaltic

cobaltinitrite.

C0CI1
- 6NH 1 + NatCo(NO,)e^ Cot(NOt)t 6NH> + 3NaCI

S. M. JQrgenfen, Z. anorg. Cbem., 4, 147 (1894) $8

CoCIt 6NH,
A ni-148

When cobaltic chloride bexammoniate is heated out of contact with

air it decomposes as follows:

6(CoCU‘ 6NH,) ^ 6C0CI, + 6NHea + N| + 28NH|

G. L. Clark, A. J. Quick and W. D. Harkens, J. Am. CHiem. 80c., 43, 2497 (1920} t6
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CoCrO*

HNOi
Cobalt chroQUte dissolves ia dilute oitric acid.

CoCrO, + 2HNO, Co{NO,), + H,Cr04

5. H. C. Briagf, Z. Anorg. Chen., 63, 325 (iW)

CoCrO^Cl 5NH,

AgNOi 1II-160

If silver Ditrate be added to a solution of chromato cobaltic chloride

pentammozuate, a copious precipitate of silver chloride (colored by
traces of silver chromate) is obtained. The mother liquor is reddish

yellow-

CoCrOiCl 5NHi + AgNOi CoCr04NOi 5NH, + AgC\

gAtnuel H. C. Briggs, J. Chem. Soc. (Loodon), 115:1, 70 (1919) 48

CoCrOiCI 5NHj
AgiCrO^ nM61

If freshly prepared silver chromate be poured into a solution of

chromato cobaltic chloride pentammoniate and the mixture well

shaken, silver chloride will separate. After quickly removing it,

glistening scaly crystals of chromato cobaltic chromate decammoniate
are formed. The crystals are tri-bydrated.

2CoCr04a 6NH, + AgiCrO* [CoCr04|sCr04 lONH, + 2AgCl

Samuel H. C. Briggs, J. Chen. Soc. (Loodoo}, 115:1, 71 (1919) 4$

CoCrOtNO, 5NH,
AgNOs nM62

If silver nitrate be added to a cold, freshly prepared solution 0/
chromato cobaltic nitrate pentammoniate, precipitation will take
place. However, upon heating, immediate precipitation of 8il\'er

chromate and formation of hydroxo cobaltic nitrate pentammoniate
will Uke place. Lead and barium salts behave in exactly the same
manner as the silver nitrate.

CoCrOiNOrSNHj + 2AgNO, + H,0
AgiCr04 + Co(NO,)rH,0-5NH4

Saniuri H. C. Briggs, J. Chem. Soc. (London), 115:1, 70 (1919) Ag

m-149

ss
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CoFi
fWHOjPt IIM63

Cobaltoud fluoride is fused with an excess of ammonium fluoride and
the residue extracted with boiUng alcohol.

CoFt + (NHOtF, CoF,-{NH^),F*

Paulenc, Compt. rend., lU, 1423 (1892) gs

CoHPOi
^ m-154

Cobalt hydrogen phosphite is ignited.

14CoHPO*-» eCotPtOr + 2CoP + 7H,

Haromeldburg, Pogg. A&n.» 181, 872 <1807) $6

Co(H^Ot)t
A nM55

Cobalt hydrogen bypophospbite is decomposed when heated to 150^.

6Co(H,POj)i 4Co(PO*)i + 2CoP + 2PH, + 9Ht

RammeUburg, Ber. Berl. AJcsd. (1872), 433 /S

CoU
NHi m-iae

A concentrated cobaltous iodide solution Is treated with ammonia
yielding a reddish ciystalline precipitate.

Coll + 4NHj Colr4NHt

Rammehberg, Pogg. Ann., 48, 155 (1839) 85

CoIr2H,0
HiO m-157

When the green, di-hydrated cobaltous iodide is left standing in the

air for some time, it deliquesces to form the red hexa^hydrated

cobaltous iodide.

CoIi-2HiO + 4H,0 Colt 6HiO

Walter N. Hartley, J. Chtm. Soc. (London), 27, 502 (1874) 4$
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CoIr6HtO

43

A ni'i68

Cobalt iodide hexahydrate is completely dehydrated at 130®C leav-

the black graph! te^like azkhydroua salt.

CoIr6H,0^ Col, + 6H,0

W. N- Hartley,

Ref., R. Geratl, Ber
, 7» 740 (1874) , t

Co(IOe),

»H, III-169

A solution of cobalt (I^ iodate in concentrated ammonium hydroxide
is saturated with nitric oxide in the absence of air to give a dark
brown precipitate of cobalt diiodate mononitrosopentammoniato.

(a) Co(IOj), + 6NH, -» (Co(IO,), 6NH,)
(b) Co(10,),-6NH, + NO-t Co(IO,),.NO-5NH. + (NH.>

A. Weraer ud P. Karrer, Helv, C^im,, 1, 62 (1918) 7^

Co(NH,),

Cobaltous amide absorbs additional ammonia to form an ammonous
cobaltous nitride-analogous to the "hydrous” compounds.

(a) Co(SCN), + 2KNH, 2KSCN + Co(NH,),
(b) 3Co{NH,), Co,N, + 4NH, room T
(c) Co,N, + xNH, Co,N,-NH, -40“C
F, W, Bergslroin, J. Phya. Chem., 98, 433 (1928) 86

„ ^
Co(NH,),(NO,).

in-iei

IJe ^rk and h^t decomposition (X = 3660 A) of trinitro triammino
cobalt was studied m neutral (a) and acid (b) solutions;

(*) Co(NH,),(NO,), + 3H,0 -» Co(OH), + 3NH4NO.
(b) 2Co(NH,),(NO,), + H,0 + 4H*

^ 2Co++ + NH4NO, + SNH.NO,
^•'trocheia., 36, 141 (193O) gg
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A

H,

Co(NH,)»Cl,

m-ie2

NaiCOj

Cobalt purpureo chloride was heated
»
forming the chloride. A solu*

tion of sodium carbonate was added, forming cobalt carbonate. This
was ignited, foiming cobalt oxide. This was reduced to cobalt by
hydrogen.

(a) 4Co(NHi)ja» + 2H,0 ^4CoCIi + (16NH, + 4NH4CI) + 0*
fb) Coat + NatCO*^ CoCOt + (2NaCI)

(c) CoCOt CoO + (COt)

W) CoO + H, Co + HtO

W. A. Tildea, Trau. Roy. So«. {Loodon), IM, 236 (190D) iOB

CoNH^fSO,)! 4NH,
KOH in-168

Potassium hydroxide reacts with cobaltic ammonium sulfite tetram-

moniate to yield cobaltic potassium sulfite tetrammooiate, ammonia
and water. The corresponding lithium, rubidium and caesium salts

are made similarly.

CoNH4fSO,)i-4NH, + KOH CoK(SO,)f4NH, + NH, + H,0

£. K. Riesenfeld, Med. K. Vet. Kobelinst., S, No. 6, 9 (1923) JO

CoNO(CO),
Bn m-lH

Bromine liberates nitric oxide and carbon monoxide from cobalt

nitrosylcarbonyl, (formed by the addition of nitric oxide to an
acidified solution of cobalt carbonyl).

CoNO(CO)j + Bn CoBr, + NO + SCO

G. W. Coleman and A. A. Blanchard, J. Am. Chem. Soc., SS, 2160 (1936) J$
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Co(NO,)CI, 4NH,

B)0 Zn-166

Monohydratcd nitro cobaltic chloride letrammoniate is formed by
dissolving nitrocobaltic chloride tetrammoniate in water.

Co(NO«)Cl,-4NHi + HtO Co(NOt)Cit(H»0) 4NH^

S. M. Jorgensen, Z. nnorg. Chem., ?, 289 (I894)

HBr

Co(NO,)Cli(H,0) 4NHi
111-166

Red crystals are formed when the water free crystals of hydrated
cobalt nitrochloride tetrammoniate react with a solution of hydro-
bromic acid.

Co(NO,)Cl,(H,0)-4NH, + 2HBr

Co^NO»)Br.(H,0) 4NH, + 2HCI

S. M. JOrgenacn, 2. aoorg. Chem., 7, 269 (18W)

HNO:
Co(N0,)Gl,(H,O) 4NH,

UI-167
Hydrated cobalt nitrochloride tetrammoniate will react with diluted
n. nc acid yielding yellow colored crystals of hydrated cobalt nitre
nitrate tetrammoniate.

Co(NOj)Cl,(HjO)-4NH, + 2HNO,
^ Co(NO,)(NO,),(H,0) 4NH. + 2HC1

S. M. JOrgeoseo, Z. aoorg, Chem., 7, 289 (1894)

„ Co(N0,)CI,(H,0)-4NH,
H3SO4

„ in-168
Hydrated cobalt nitro chloride tetrammoniate will react with diluted

Co(NO.)Cl,(H,0)-4NH, +
-* 2HC1 + Co(NO,)(SO0(H>0)

• 4NH8
8. M. Jfirgensen, Z. aoorg, Chem,, 7, 289 (1894)
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Co(NO,)Cl,(H,0) 4NH,
K^Cl^ IIM69

Hydrated cobalt nitrocbJoride tetrammoniat^ will react with a solu-
tion of potassium chloroplatinite yielding red colored crystals.

Co(NO,)CI,(H,0) -4NH, -f K,PtCl*

-2KC1 + Co{N0j){Pta4)(H,O) 4NHa
8. M. J5rg«QMD, Z. sDorg. Chem., 7» 289 (1894) S8

NHiCl
Co(NO,)Clt(H,0) 4NH.

m-170
By heating a solution of monobydrated nitrocobaltic chloride
tetrammoniate with a solution of ammonium chloride, the pent-
ammoniate is formed.

Co{NO,)Cl,(H,0)-4NHi + NH4CI

-^HCl + HtO + Co{NO,)Clr6NH,

8. M, jQrgeasen, 2. anorg. Chem., 7, 289 (1894)

Co(NO,)Cl,(Hrf» 4NH,
NH,OH 111-171

The water free crystals of hydrated cobalt nitrochloride tetram-
moniate will react with diluted ammonium hydroxide solution yield-
ing red crystals of the basic nitrite.

Co(NOi)CI,(H,0)-4NH, -h NH^OH
^NH^a + Co(NO,)a{OH)(H,0) 4NH|

8. M. JOrgenMn, Z. anorg. Chem., 7, 289 (1894) m

Co(NO,)arH,0-4NH,
(NH4}sCt04 III-172

Orange red colored crystals are formed when a saturated solution of

hydrated cobalt nitro chloride tetrammoniate reacts with a solution

of ammonium oxalate.

Co{N0,)CI,«4NHrHrf) + (NH4),C,04

^ aNHiCi -I- Co(N0t)(Ct04)(H>Q) -4NHs

S. M, Jorgensen, Z. anorg. Chem., 7, 289 (1894) gs
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Co(NOt)Cli(HtO) 4NH,
NaAuCli ni-173

Hydrated cobalt nitro chloride tetrammoniate will react with a boIu^

tion of sodium chloroaurate 3deldiDg crystals of dark red color.

Co{NO*)CWHtO) 4NH» + NaAuCL
-NaCl + Co(NO,)Cl(AuCl4)(H,0)«4NHj

8. M. Jdrgcosen, Z. aoorg. Cbem., 2S0 (1S94) S8

Co(NO,)CU5NH,
NaHO, ni-174

HNO,

By beatlDg moDOtutro cobaltic chloride pentammoniate with a solu-

tion of sodium nitrite and nitric acid, croceo cobalt chloride is

obtained.

Co(NOi)Clf6NH, + NaNO, + HNO,
^ NaCl + NH4NO, + Co(NO,),Cl 4NH,

8. M. JCrge&Mn, Z. aoor|. Cbera., 7» 2S9 (1894) £$

Co(NO,){OH)
HNO, nM75

If hydroxocobaltonitrite is reacted with nitrous acid, the products are
water and cobaltous nitrite.

Co(NO,){OH) + HNO, -4 Co(NO,), + H,0
T. Susuki, J. Chem. 80c. (LoDdon), 97:1, 730 (1910) WS

NO,
Co(NO,),

m-176
If cobaltous nitrite is reacted with nitrogen dioxide cobaltic nitrite is
formed.

Co(NO,), + NO,^ Co(NO,),

T. Susukj, J. Chem. Soc. (London), 97:1, 730 (1910)
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Co(NOj)jBr • ea • pn

-3-bromocamphor-T•silver suUoziate ni-177

Thirty nine g. ethylenediamine propylenediamine cobaltic dinItrite
monobromide (the cis aaJt containiog either d- or /- propylene-
diamine) is dissolved in two liters of water at 80*C and 47 g. d-3-
bromocainphor-7-silver sulfonate added while stirring, Silver bro-
mide precipitates while the ethylenediamine propylenediamine
cobaltic dinitrite d-3-bromocaniphor-7-8ulfonate remains in solution

Co(NO*),Br-C,H4NH,)tCH,CHNH,CH,NH, + CicHuOBrSO»Ag
AjBr

+ Co(NO,)»C,eHuOB^OrC,H4(NH,), CH,CHNH,CHtNH,
A, Werner, Helv. Chim., X, la, U (I9lg) yg

Co(NO,),Br en * pD
(NH4)}S04 in-178

Ethylenediamine propylenediamine cobaltic dinitrite monobroraide
(the cis salt containing either d- or f-propylenediamine) is dissolved
in ten times its weight of waUr and trituraUd with solid ammonium
sulfate. A precipitate of ethylenediamine propylenediamine cobaltic
dinitrite hemisulfate is obtained.

2Co(NO,),Br C,H4(NH,), CH,CHNH,CH,NHi + (NH^tSO*
Co>(NO>)4SOi 2C>H4(NH,)r2CH,CHNH,CHiNH> -b {2NH4Br)

A. Werner, Helv. Chim., 1, 21 (1918) 7S

Co(NOi)jBr *en pn
NaCNS III-179

To ethylenediamine propylenediamine cobaltic dinitrite mono-
bromide dissolved in water (the cis salt containing either d- or f-pro-

pylenediamine) is added to an equal weight of sodium thiocyanate.

Ethylenediamine propylenediamine cobaltic dinitrite monothio-
cyanate is obtained as a yellow precipitate.

Co(NO,),Br'C,H4(NH,)* CH3CHNH,CH,CN, -h NaCNS
Co(NQt)tCNS C»H4(NH,)t CHtCHNHtCHtNHt + (NaBr)

A. Werner, Helv. Chim., 1, 19 (1918) 75
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Co(NOt)tCi»H MOBrSO} * en * pn

HBr ni-180

Crystals of ethylenediamine propyleaedlamine cobaltic diaitrite

(f’3'bromocampbor*7>suifoQat6 (the cis salt contaiDiog either d~ or

^-propylenediamine) are treated dropwise with cone, hydrobromic
acid. Extraction of the resulting paste with absolute alcohol leaves

behind crystals of ethylenediamine propylenediamine cobaltic

dinitrite monobromide.

Co(N08)iCioHuOBrSO, C*Hi(NHt)t CH,CHNH,CH,NH, + HBr
^ (CioH„OBrSO,H)

+ Co(NO,),Br C,H4(NH,), CH|CHNH,CH,NH,
A. Werner, Heir. Chim., t, 17 (1918) fg

Co(NOt)jCl * en
'
pn

HCl in-181

(3entle warming of ethylenediamine propylenediamine cobaltic
dinitrite monochloride (the trans salt containing either d- or f-pro-
pylenediamine) with hydrochloric acid produces ethylenediamine
propylenediamine cobaltic mononitrite dicbloride,

Co(NOi)iCl CtH4{NH,), CH,CHNH,CHtNH, + HCl
CoNOiCIt C,H4(NH,), CH,CHNH»CH,NH, + (HNOi).

A. Werner, Helv. Chim., 1, 31 (1918) m

HBr

EiSOi

Co{NO,),Cl 3NH,

111-182

A wlution of dinitrito cobalt cbloride triammomate will react with
hydrobromic acid yielding red colored crysteU of dinitro cobalt
bromde triammomate. The same type reaction occurs with sulfuric
acid yiddmg yellow colored crystals of dihydrated tetranitro cobalt
sulfate hexanunornate.

(a) Co(NO,)jCl-3NH, + HBr^Co(NO,),Br-3NH, + HCl
(b) 2Co(NO.),CI-3NH, + H,SO, + 2H,0

-*2HC1 + Cot(NO,),S04(H,0),.6NH,
S. M. Jorgensen, Z. anorg, Chem., 7, 289 (1894)
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Co(NOi)i • C,H4(NH,)rNH|
Propylene diemine III-183

Ethylenediamine cobaltic nitrite monammoniate is bested with an
equivalent weight of propylenediamine in water solution, stereo iso»

mere of etbylenediamine propylenediamine cobaltic nitrite are
formed. Addition of alcohol precipitates the flavofcis)* salts while
the croceo (trsns) salts rem^n in solution.

CoCNOt)rC,H4(NHt)iNH, + CH|NH,CHCH,NHt
-Co(NO,)|C,H,(NH,)rCH,NH»CHCH,NH, + NH,

A. Werner, Helv. Chun., I, 9 (191$) 7^

Co(NOe)t*en pn
HBr III.1S4

Crystals of ethylenediamine propylenediamine cobaltic nitrite (the

trans salt containing either d~ or f-propylenedismine) are treated
dropwise with cold bydrobromic acid. The product is ethylene-

diamine propylenediamine cobaltic dinitrite monobromide.

Co(NOi)i CtH4(NH,)t CH,CHNH,CH,NH, HBr
Co(NO,)tBr CfH4(NH,), CH,CHNH,CH,NH, + (HNOt)

A. Werner, Helv. Chim., 1, 32 (1919) 74

Co(NOt)»’en*pn
ECl m-lS6

Crystals of ethylenediamine propylenediamine cobaltic nitrite (the

trans salt containing either d- or /-propylenediamine) are treated

dropwise with cold hydrochloric acid. The product is ethylene-

diamine propylenediamine cobaltic dinitrite monochloride.

Co(NO,)i*CiH4CNH,)rCH,CHNH,CH,NHi + HCl
Co(NO,),Cl« C,H4{NH,),-CH,CHNH,CH,NH, + (HNO,)

A. Wem«r, Helv. Chim., 1, 31 (1918) 7S
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Co(NO|)i«eDpn

NaBr 111-186

Ethylenediamine propylenediamine cobaltic nitrite {the cis salt con-
Uining either rf- or ^propylenediamine) is dissolved in three times its

weight of water and triturated with one half its weight of solid

sodium bromide. Etbylenediamine propylenediamine cobaltic dini-
trite monobromide is formed as a precipitate.

Co(NO,)rC,H4(NH,)rCH,CHNH^H,NH, + NaBr
Co(NQ>)iBr>C«H4(NHi)tCH,CHNHiCH4NH4 + (NaNO*)

A. W«rn«r, Helv. Chia., 1, II (19 Id)

Co(NOr), 3NII,

IIM87
When 10 g. cobaltic nitrile triammoniate is heated with 30 g of 10%
solution of ethylene-diamine and the solution evaporated, crystals of
ethylenediamme cobaltic nitrite monoammoniate arc obtained.

Co(NO,)r3NH, + C,H 4(NH,),

-Co(NO*)i'CjU4(NHj)fNHj -|- 2NH,
A. Werner, Helv. Chim., X, 10 (1918)

78

HCl
Co{NO,),-3NH,

A solution of cobalt nitrite triammoniate
hydrochloric acid yielding red colored
chloride triammoniate.

111-188

will react with concentrated
crystals of dinitro cobalt

Co(NO,)r3NH, + HCl Co(NO,),CI-3NH, + HNO,
S. M. JsrgeDseo, Z. anorg. Chem, 7, 289 (1894)

28
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CoNO,COi 5NHt
HNOt in-189

If 2.5 grams of cobaltic nitrate carbonate pentammoniate are dis-

solved io 100 cc of water, and a little dilute nitric acid is added,

evolution of carbon dioxide will take place after gently beating the

mixture. The main reaction product is hydroxocobaltic nitrate

pentammoniate.

CoNOiCOrSNH, + 2HNO,^ Co(NO,)i H,0 6NH, + CO,

Samuel H. C. Briggs, J. Cbem. 8oc. (London), 116 ‘1, 69 (1919) 4$

CoNO,Cr04 4NH,
AgNO, in-190

If to a freshly prepared aqueous solution of chromatocobaltic nitrate

tetrammoniate a solution of silver nitrate be added and the mixture

heated, silver chromate wall immediately precipitate, leaving dihy*

droxocobaltic nitrate tetrammoniate dibydrate, in solution. No

immediate reaction takes place after addition of silver nitrate in the

cold.

CoNO,Cr04 4NH, + 2AgNO, + 2H,0
-Co(NO,), (HtO), 4NH, + Ag,CrQ4

Samuel H. C. Brigga, J. Chem. Soo. (Loodoo), 115:1, 72 (1919) 4S

CoNO,Cr04-4NH,

Ba(RO,), “1-191

If to a freshly prepared aqueous solution of cbromatocobaltic

nitrate tetrammoniate a solution of barium nitrate be added, and the

mixture heated, barium chromate will precipitate, leaving diaquo

cobaltic nitrate tetrammoniate in solution. The same reaction occurs

after letting the mixture stand for several days. No reaction occurs

immediately after addition of barium nitrate in the cold.

CoNO,Ct04 4NH, + Ba(NO,), + 2H,0
^ Co(NO,)r (Hrf))r4NH, + BaCr04

Samuel H. C- Brigga, J. diem. Soc. (London), 115:1, 72 (1919) 4B
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CoNOjCrOviNH,

Pb(NOi)i ni-192

If to ft freshly prepared aqueous solution of chromatocobaltic nitrate

(otramuioDiate a solution of lead nitrate be added and the mixture

heated, immediate precipitation of lead chromate will take place,

leaving hydroxocobaltic nitrate tetrammoniate in solution. The
^ame reaction will take place if the mixture is left standing several

days.

CoNOiCrO, 4NH, + Pb(NO,), + 2Hrf)

-*Co(NO,),(H,0),«4NH, + ?bCr04

fiamuel H. C. Briggs, J. Chem. Soc. (London), 115:1, 72 (1919) i$

Co(NO,),

CSNiE* in-193

Blue-green colored crystals are obtained from a cobaltous nitrate
solution to which thiourea was added.

Co(NO,)i + 4CSN,H4^ Co(CSN,H4)4(NO,),

A. Rosenheim and V- J. Meyer, Z. anorg. Cbcm., 49, 13 (1906) ts

Co{NO,),
CuEfJH

NHiCKS
m-m

Cobaltous nitrate reacts with acridine and ammonium thiocyanate
yielding characteristic crystals.

’

Co(NOj)j + 2CuH,N + 4NH4CNS
(Co(SCN)4)Hi(Cj,H4N)i + (2NH, + 2NH4N08)

A, Laoger, Mikiochem., 26, 71 (1938)
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Co(NO,),
CaOCl, III-196

In order to prepare pure cobalt, the nitrate is treated with bleaching
powder, giving the oxide, which is dissolved in hydrochloric acid.

Then an excess of ammonia is added giving purpureo cobaltchloride;

it is heated, and sulfuric acid gives the sulfate, and more ammonia
gives the double salt cobalt ammonium sulfate. This is electrolysed,

giving cobalt.

(a) 3CaOCl, + 2Co(NO,),
-* Co»0. + (2Ca{NO,), + CaCI, + 2C1,)

(b) Co,0, + 6HC1 — {2CoCl, + 3H,0)

(c) CoCl, + 5NH.OH Co(NH,),CI, + (5H,0)

(d) Co(NH,),Cl, CoCT, + (4NH, + NH.Cl)

(«) CoCI, + H,SO, — CoSO,+{2HCl)

(f) CoSO. + 2NH,OH + H,SO.— Co{NH4).(SOO» + 2H,0

(g) 2Co(NH4),(SO.). + (2H,0)

— 2Co + (2(NH,),SO, + 2H,SO, + 0,)

W. A, Tilden, Trans. Roy. 8or. (London), 194, 23ft (1000) 106

Co{NO,)t
HsFj m-196

A solution of cobaltous nitrate in hydrofluoric acid is saturated with

concentrated ammonia. Upon standing in the air for 48 hours,

yellow colored crystals are formed.

CofNOOj + 24NH, + + 0, Co(NH,),(NO,),F + 2H,0

£. Bfthtn, Z. anorg. Chen., 43, 326 (1905) tS

Co(NO,),

H,Fe(CK), in-197

Ferrocyanic acid is added to a solution of cobaltous nitrate.

2Co(NO,), + H.Fe(CN), + 7H,0
C(HFe(CN),-7H,0 + (4HNO,)

Wyrouboff, Ano. chim, phys. (ft), 8, 4S2 (1876) iS
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Co(NO,),

KHCOj IIM98

A basic carbonate is precipitated when a 0.05 M. solution of cobalt

oitrate is mixed with a 0.5 M. solution of potassium hydrogen

carbonate. With more dilute solutions, basic precipitates of various

composition are obtained:

(5Co(NO,), + 5KHCO,^ 5CoCQ, Co(QH), + 6KNO, + 5HNOj)

P. E. GftgnoD. L. Cloutier and R. Martioeau, Can. J. Ree., Bie, 179 (1941) 69

Co(NO,)t
KHCOi in-199

Cobalt nitrate (M/20> was mixed with potassium hydrogen carbonate
(M/10) to form a basic carbonate of cobalt.

2Co{NO,), + 4KHCOj
- CoCO,Co(OH), + 4KNO, + H,0 + SCO,

P. E, Gagnon, L. Cloutier and R, Marlineau, Can. J. Ree., 19B, 183 (1941) 94

Co(NO,),

in-200
Cobalt nitrate In strong ammoniacal solution forms a flesh-colored
precipitate when potassium iodide is added. Cobaltous iodide
hexamrooniate is obtained. Chlorides and bromides behave similarly.

Co(NO,), + 6NH, + 2KI -* Col, 6NH| -|- 2KNO 3

Schoeller and Powell, Analj-at, 42, 189 (1917)

Co(NO,),

Solutions of cobalt nitrate and potassium iodate
heated to 80^-90® in the presence of free nitric acid.

nr-201

are mixed and

Co(NO,), + 2KIO, Co(IO,), H- 2KNO,
A. Ditte, Ann. chim. phys. (6), 81, 145 (1890)
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Co(NO,)t
KjCrO# m402

O^y the normal chromate of cobalt is formed by mixing solutions of
cobalt nitrate and of potassium chromate of various concentrations;

(Co(NO»)* + KiCiOi CoCrOi + 2KN0|)

P. E. PeUetier, L. Cloutier tnd P. E. Gac&OD, Ctn. I Rn., Bie, 17 (1038)

Co{NO,),
K,Cr(CN)e ^

Cobalt chromicyanide is produced when a 4% solution of cobalt
nitrate is added to a 2% solution of potassium chromicyanide.

2K,Cr(CN)» + 3Co(NO,), CojCrt(CN)ii + 6KNO,
F. V. 0. Cnjser tnd B. H. Miller, J, Am. Cbem. 8oc,, 86, 1187 (1906)

NH|

IfO

Co(NO,),

A solution of 175 g. cobalt (II) nitrate in 220 g. boiling water is

poured into 750 cc. concentrated ammonium hydroxide. After stand-
ing 12 hours in the absence of air, nitric oxide is passed into the
solution for 2 hours precipitating the red dimer of cobalt dinitrato

mononitroso pentaminoniate hemibydrate.

(a) Co(NO,), + 6NH, (Co(NOi)r6NH,)

(b) 2Co(NOi)r6NH, + 2NO + H,0
^Coi(NO,)4-2NO10NH,H,O + {2NHj)

A. Werner and P. Karrer, Helv. Chim. 1» 62 (1918)
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Co(NO,)*

NH4OH m-206

The neutralisation curve of a solution of cobalt nitrate and tartaric

acid by ammonia shows the formation of two complex compounds:

(a) (Co(NO,), + CiOeHe + 2NH4OH
-CoCAH* + 2NH|NO, + aHjO)

(b) (Co(NO,), + CiO*Ht + 3NH4OH
Co(OH). + NH,C.O,H, + 2NH4NO, + H,0)

(c) (Co(NO,), + C,0,H. + 4NH,OH
- Co(NH.),C«O.H, + 2NH,NO, + 4H,0)

J. L. D«Iui, J. Cbim. phya, 314 (I93S) no

NfliVO,
Co(NO,).

II1-206

Ammonium metavanadate reacts with a warm solution of cobaltous
nitrate containing free nitric acid.

Co(NO,)t + 2NH,VO, + H,O^Co(VO,),-H,0 + (2NH4NO,)
A. Ditte, Coapt. rend., 104, 1705 (1887)

(NHOjCOi
IIJ

The precipiUte obtained by reaction of cobalt nitrate with ammonium
carbonate decomposes rapidly on standing:

III-207

(a) (Co(NOi)j + (NH4)iCOj —> CoCO, + 2NH4NOJ)
(b) (CoCO, + H,0— Co(OH), + CO,)

Can. J. R«., B19. 179 (1841) ffs

(NH4),COi
Co(NO,),

Solutions contaming cobaltous nitrate and ammonium carbonate inexcess are added together and the mixture cooled.

Co{NO,), + 2(NH4),C0, + 4H.0
^(NH4),C0,CoC0,-4H,0 + (2NH4NO,)

H. St. Qaire DeviUe, Ano. chim. phys.
[8J, 38, 450 (1852)

in-208
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Co(NO,),
NaOH in-209

The electrometric titration of solutions of cobalt nitrate and tartaric

acid by sodium hydroxide shoe's the existence of three complex com-
pounds in solution:

(a) (Co(NO,), + CiO^H* H- 2NaOH
-» CoCiO^H^ + 2NaNO, + 2H,0)

(b) (Co{NO,), + CiOai* + 3NaOH
^ NaCoC40.H, + 2NaNOi -h 3H,0)

(c) (Co(NO»)i + CtOfHt + 4NaOH
Na.CoCiO»H, -h 2NaN04 + 4H|0)

J. L. DelMl, J. Chin. phyt.. 86. 314 (1938) 99

Co(NO,),

NaASbsOr in-210

A boiling solution of 3 g. of sodium hydrogen pyroantimonate is

treated with a hot concentrated solution of cobaltous nitrate.

Co(NO,)i + NaiH^biOt + CH,0 Co(SbO,>t 7H,0 + (2NaNO«)

A. Ebd. Ber., 88. 3044 (1889) - £3

Co(NO,)t
Na,AsO, ni>211

Cobaltous nitrate U treated with an excess of sodium arsenite.

7Co(NOt)j + 4Na^04 + H,0
CotAsiOi# + AsiOi + l2NaNO, + 2HNOi

C. Reiehsrd. 2. anal. Ch«m., 48, 10 (1903) 96

Co(NO,),

Oi ni-212

NHs

When an ammoniacal solution of cobaltous nitrate is oxidised by a

slow current of air and an excess of sulfuric acid is added, a complex

aminocobaltammooiate is formed.

4Co{NO,), -I- 18NH, + Ot^2Cot(OH)(NH»)(NO,)4 -8NH,

A. Werner, Ber., 40, 4608 (1907)

Ref.. A. McKeosie, J. Chem. See. (London). 94:3, 43 (1908) 67
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Co(NO,)i eNH,

KtE$h

Cobaltous nitrate hexammoniate will react with potassium mercury

iodide yielding a precipitate,

in-213

Co(NO,)r6NH, + 2KtHgr4 Co(HgI,)> 6NH| + 2KI + 2KN08

A. T&uriu«» Z. anaL Cbem., 101, 357 (1935) S8

Co(NO,),

CtBisONjS III-214

Cobaltic nitrate reacts with 5^yc]Qhexanone*2'thiohydantoino,

yielding a black powder.

2Co{NO,), + C»Hi,ON,S + 5H,0
CoQH Co(OH)i HtO + 6HNOj

I V. Dubsky, V. Linderar and V. Cernak, Mikrochem., 26, 124 (1938) e$

Co(NO,),
NaNO, in-215

HC^HiOs

Sodium nitrite is dissolved in an equal weight of hot water. Cobalt
nitrate is dissolved in this mixture and glacial acetic acid is then
added. After aspirating this solution with air, 95% alcohol is added,
Sodium cobaltinitrite is precipitated.

Co(NO,), + 9NaNO, + 6HCtH,0,
-* Na,Co(yo,), + 6X0, + (6XaC,H,0, + 3H,0)

M. Cunningham and F. M. Perkin, J. Chem. Soc. (London), 96 ;S, 1568 (1900) 5?

Co{NO,), (H,0), 4NH,
ni-216

If to a solution of diaquocobaitic nitrato tetrammoniatc, ammo-
nium nitrate is added, and subsequently a solution of potassium
chromate dissolved in cold water added drop by drop with vigorous
stirring, chromatocobaltic nitrate tetrammoniate is obtained in the
form of a dark reddish brown deposit.

Co(N00i (H,O),-4NH,
-i- K,CrO,

-* 2KNO, -t- H,0 -I- CoCrO,NO,.H,0 4NH,
Samuel H. C. Briggs, J. Chem. Soc. (London), 115:1, 72 (1919) ig
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Co(NO,), 6NH,

Na,Co(NOi).
™

Hexammino cobaltic nitrate (leuteo cobaltic nitrate), when treated

with sodium hexanitrito cobslUte,fonnscobaltic nitrite triammoniate

and sodium nitrate.

Co{NH,) 4(NO*)j + NaiCo(NOi)»-^3NaNOi + 2Co(NH,)i(NO*),

W. Gibba, Ber., », 833 (1873)

Cl«

CoO
in-218

CO

A mixture of carbon monoxide and chlorine is passed over heated

cobaltous oxide.

CoO + CO + CU -* CoCU + (COt)

Qutotio, Compt. read., 104, 233 (1887)

CoO

Co(CN),

Cobaltous oxide oxidises cobaltous cyanide when heated to a high

temperature in an atmosphere of pure dry nitrogen.

2CoO + Co(CN)i -* CojNi + (2CO)

(b) 2CoO + Co(CN), 3Co + {2CO + Nt)

Vourinseos, Compt- rend., IW, 899 (1919)

in-219

HCl

CoO
ni-220

NH,

Cobaltous oxide is dissolved in hydrochloric acid and the solution

treated with ammonia.

CoO + 3HC1 + NH, + 5HiO -» CoClrNHiCl 6HtQ

HftUt*, Ano., «e, 284 (1848)
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CoO
Hi m-221

Cobaltous oxide is heated in a stream of hydr<^o to 500^-600^.

CoO + H,^ Co + {H,0)

Glaser, Z. anorg. Chem., 86, 1 (1903) /

CoO
(HF), m-.222

HHi
A solution of cobaltous oxide in hydrofluoric acid is saturated with
concentrated ammonia. On leaving in vacuo for 4 weeks, red
colored crystals are obtained.

CoO + 2H|F, + 2NHt + H,0 CoF^ (NH,F)r2HtO

E. B&hm, Z. aaorg, Chem., 48, 326 (1906) gs

CoO
HiFi III-223

Crystals of acid cobalt fluoride arc obtained when a solution of
cobaltous oxide in hydrofluoric acid is left in vacuo over sulfuric acid.

CoO + 7HF + 5H,0 CoF»(HF)i 6HtO

E. Behm, Z. anorg. Chem., 48, 326 (1905) ga

EiO,
CoO

in-224
When cobalt monoxide is oxidised in the presence of an alkali hydrox-
ide, the alkaU hydroxide prevents the formation of the higher oxides
of cobalt so cobaltic hydrate is formed.

2CoO -f- H,0, + 2H,0 Co,0, 3H,0
A. H. McConnell and E. S. Haoes, J. Chem. Soc. (london), 71 :J, 589 (1897)
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ENCYCLOPEDIA OF CHEMICAL REACTIONS

CoO
III-226

A

Cobaltoua oxide is owdi*ed to cobalt dioxide with hydrogen peroxide.

The cobait dioxide dissolves in the water formed (or present) to yield

cobaltous acid.

CoO + HjOi — CoOj + H*0

(b) CoO* + HtO - HiCoO*

A. H. McConneU aad E. 8 - J. Cbem. Sm. (Undon). 71 :1, 586 (1897) /OS

CoO

H,S
™

When blAck cobalt monoxide is heated to redness in the presence of

hydrogen sulfide, it is converted to the yellow cobalt monosulfide.

(CoO + -» CoS + HiO)

Tb- HjortdaW, Ch«m. K«w*, 2. 47 (IW8)

CoO

H*$0
m-227

Cobaltous oxide is dissolved in dilute sulfuric acid and the solution

concentrated. ^ ^
CoO + HjSOi + 6H*0 C0SO4 7HtO

Oechanerda Coninck, Bull. Acad. (B«lg-)» 833 (1904)

CoO

NH«OH

H*S04

I

m-228

Iodine added to an ammoniacal solution of cobaltous ox.de m sul^nc

acid precipitates amorphous, yellow luteo cobaltous amm.mo iodide

sulfate which later changes to small, yellow, ocUhedral crystals.

“=>0 + +i C...NH.)„.(SO.). I. + UH.0

J. M. Krok, Arta Univ. Lund., 78, No. 6
,
3 (1871)

10
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CoO
Pr{FO,)» in-229

A soluble double s&lt is formed when a solution of a rare earth salt

(nitrate etc.) is treated with nickel, cobalt or ferrous oxides or

carbonates.

3CoO + 4Pr(NO,)i + 24H,0
-»3Co(NO,),-2Pr(NOi)r24H40 + (Pr^Qi)

A. 0. Neiab And J. W. BurnA. Can. Cbem. A Met., 6, 72 (1921) IS

CoO
S III-230

A mixture of 1 part of cobaltous oxide and three parts of sulfur is

heated almost to glowing in a glass retort.

2CoO + 5S 2CoS, + SOi

Setterberg, Pogg. Ann., T, 40 (1326) I

CoO
SiOi in-231

An intimate mixture of cobaltous oxide and cobaltous chloride is

heated for several hours to bright redness with an excess of amorphous
silicon dioxide.

2CoO + SiO, CojSiO^

Bourgeois, Coinpi. rend., 108, 1177 (1889) /

CoOj
H*0, III-232

When cobalt dioxide is treated with hydrogen peroxide, cobaltous
acid is formed and oxygen set free.

{2CoO, + 2H,0, -» 2H,CoO, + 0,)

A. H. McConnell and E. S- Hanes, J. Chem. Soc. (Undou), 71 :1, 587 (1897) lOS
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Co(OB)
BaO, in-233

Cobaltous hydroxide is oxidized in the cold by treating with barium

peroxide.

2Co(OH), + BaOi -• Co^* H- BaO + 2H,0

C. ReiohaH, Z. anal. Cbem., 43, 10 (1903)

Co(OH),

HCIO4 ni-234

Cobaltoua hydroxide ia treated with perchloric acid.

Co(OH)j + 2Ha0i CoCaOOi + 2H,0

Ooldblum and TerUkowaki, Bull. Soe. Cluis. [IV], 11, 103 (1912) BS

HtC«H$04

Co(OH),
m-2d6

Dihydrated cobaltous malonaU may be prepared by neutralisiag

malonic acid with a slurry of cobaltous hydroxide. The compound,

which has a deep red color, is deporited by evaporating the solution

CD a water bath. Dibydrated cobalt hydrogen malonate is prepared

in the same manner as the normal salt except that an excess of acid is

used. This compound has a pinkish red color.

(a) Co(OH)j + H»CiH*04 —» CoCiHj04‘3HjO

(b) Co(OH)i + 2H*CiHt04 —» CoHt(C|H|04)r 2HtO

R. C. Lord, J. Phy*. Chen., 11, 173 (1907)

Co(OH),
m-23$

I

Cobalt fluoride is formed when cobaltous hydroxide is treated with

hydrofluoric acid.

Co(OH)» + HtF, CoF, + 2H,0

F. H. Edmiater and H. C. Cooper, Science, W, 444 (1919)

Ref., J. Am. Chem. 80c., 42, 2423 (1920) I
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Co(OH),

H*F, ni-237

Large gamet^red crystals are obt^ned when freshly prepared cobalt

hydroxide is dissolved in hydrofluoric acid.

Co(OH), + H,F, + 2HtO CoF,-4H,0

Coetacbescu, Ana. Seieat. Univ. J$My, 1, S
Ref., J. L. Howe, J. Am. Cbem. Soc., 84, 154 (1912) 1

Co(OH),
HjO, in-238

Cobaltous acid is formed when hydrogen peroxide acts upon cobaltous
hydroxide.

Co(OH), + H,0, ^ H,CoO, + (HtO)

A. H. McConneU and £. 8. Hanes, J. Chem. 8oc. (London), 71, 584 (1897)
Ref., A, C. Robertson, J. Am. Chem. Soe., 48, 2077 (1928) I

Co{OH)i
HiPHCiO^)} jjj

Cobaltous hydroxide {or carbonate) treated with platino-oxalic
acid yields fine, copper-colored needled of octahydrated cobaltous
platino-oxalate.

Co(OH), + H,Pt(C,0«), + 6H,0 -.CoC,04 PtC,0, 8H,0
H. Q. 8aderb»uin, K. SveD. Vet. Ak. Hudl. Overt., 42, No. 10, 34 (1886)

HJ>0,
Co(OH),

ni.240
A solution of freshly precipitated hypophosphorous acid is treated
with cobaltous hydroxide in the cold and the solution evaporated in a
vacuum.

Co(OH), + 2H,PO, + 4H,0— Co(H,PO,), 6H,0
H, Rose, Pogg. Ann., 12, 87 (1828)



66 ENCYCLOPEDIA OF CHEMICAL REACTIONS

EIO,

Co(OH)»
ni-241

Cobaltous hydroxide is oxidised by treating with an excess of potas-

sium iodate.

6Co(OH)i + KIOi + 3H,0 6Co{OH)i -f- KI

Moody, Am. J. 8ci. t4], 22, 176 (1906)

Co(OH)t
KOfl in-242

Cobaltous hydroxide reacts with potassium hydroxide.

Co(OH), + 2KOH KiCoOt + 2HtO

Wiokler. J. I prskt. Chem., 21, 368 (1864) «

Co(OH),
in-243

Cobaltous hydroxide will dissolve in a hot solution of ammonium

fluoride yielding red crystals after the excess of water has been

evaporated.

Co(OH), + 2(NH4)iF, CoFi (NHQtFt 2H>0 + 2NH,

H. V. Helmholt, Z. anorg. Cbem., 8, 116 (1823)

(NH«}tMo04

Co(OH),
ni-244

Freshly precipitated cobaltous hydroxide is digested with a solution

of ammonium molybdate containing free ammonia and the solution

evaporated.

Co(OH)t + (NH4)iMoO4-^ CoMoO4-2NHiHt0 + H,0

Sonnenschein, J- i. prakt. Chem., 63, 340 (1861)
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Co(OH),

XI,0 III-246

HCN
A mixture of cobaltous hydroxide, hydrocyaoic acid and thallous

oxide yields thallous cobalticyaoide.

2Co(OH), + 3TI,0 + 12HCN 2TI,Co(CN)* + (7H,0 + H,)

0. FronraOller, Ber., It, 91 (1878) f6

Co(OH),

^ III-246

BCl
Cobaltic hydroxide, when treated with acids and potassium iodide,

liberates iodine and produces a cobaltous salt.

2Co(OH), + 2KI + 6HCI 2CoCl, + I, + 2KCI + 6H,0

W. D. En|le and K. 0. CuaUvaon, J. fnd. Eng. Chem., 8, 901 (1916) S$

Z1
Co(OH),

in-247

Cobaltic hydroxide is reduced by potassium iodide in the presence of
sulfuric acid.

2Co(OH), + 2KI + 3H,S0< 2C0SO4 + I» + 6H,0 + K,S04

W. D. Engle and R. C. Guatavaon, J. Ind. Eng. Chcm., 8, 001 (1916)
Re/,, Willard and Hall, J. Am. Chem. 80c., 44, 2238 (1922)

Co(OH),
SnCl,

jjj

HCl

For volumetrically determining cobalt, reduction by standardised
stannous chloride in cone. HCl and titration of excess SnCl, with any
of several oxidising agents is satisfactory.

2Co(OH), + SnCl, + 6HC1 2CoCl, + SnCL + 6H2O
H. H. Willard and D. Hall, J. Aid. Chem. Soc., 44, 2238 (1922)
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Co(OH)i
Tii(SOi)t m-2i9

Cobaltic hydroxide is reduced by titanous sulfate, excess of which
may be titrated with pennaaganate for a volumetric determinatiou

of cobalt.

2Co(OH), + TWSOOi + 3H,S04 -» 2Ti(S04), + 2C08O4 + 6H,0

H. H. tTiUerd and D. Hatl, J. Ajs. Cbem. 8oe., 44. 2244 (1922) /

i6

CoS
Pb(llO»)* in-260

Cobalt sulfide is added to a solution of lead nitrate.

CoS + Pb(NO»)j Co(NOi), +m
E. Scbumann, Ann., 249, 324 (1888) SS

C0SO4

BA(BrO,)t m-261

A solution of cobaltous sulfate is treated with barium bromate. The
solution is filtered and evaporated.

CoSOi + Ba(BrO,)* + 6HtO BaSO* + Co(BrO»)4 6H,0

RammeUburf, Pogg. Add., 46, 71, (1842) iS

C0SO4

Ba(CtH4SO«)s m-252

Solutions of cobalt sulfate and barium ethyl sulfate are mixed, the

barium sulfate filtered off, and the filtrate yields large, especially

pretty, well-formed, brownish red, stable crystals of hexa*hydrated

cobalt ethyl sulfate.

C0SO4 + Ba(C,H4S04), + 6H,0
^ BaSOi + Co(C,H 4S04)r 6H,0

J. E. AlSn, K. Qytn. Vet. Ak. Hnndl. Overs., 97. No. 8, 37 (1880) 10
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Cc«04
Bs(C5S)> III-263

Solutions containing equimolecular quantities of cobaltous sulfate
and barium thiocyanate are combined and evaporated after filtration.

CoSO. + Ba(CNS)t + 4H,0 -> BaSO, + Co(CNS).-4H,0

H. Grossmann and F. Huoseller, Z. soorg. Cbem., 46, 36S (1906)- U

BaCO,

HCN

CoSO,

ni-264

A solution containing one mole of cobaltous sulfate is treated with
two moles of barium carbonate and an excess of hydrocyanic acid.
The mixture is filtered and evaporated.

2C0SO4 + 4BaCO, + 12HCN
BajfCofCN),), + (BaSO, + H.SO, + 4H,0 + 4CO, + H,)

P. WeseUky, Ber., t, 590 (IS69)

Ba(CIO,),
C0SO4

ni-256
A cobaltous sulfate solution is treated with barium chlorate, filtered,
and the filtrate evaporated over sulfuric acid below 18“C.

CoSO, + Ba{ao,), + 6H,0 ^ BaSO, + Co(C10,),-6H,0

Wachter, J. f. prakt. Chem., 30, 371 (1334)
Ref., A. Meiiflser, Ber.. 36. 1417
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C0SO4
Ba(NOj)* in-266

BeFs

From a solution of cobalt sulfate, barium nitrite precipitates barium

sulfate and leaves cobalt nitrite in solution. Enough ammonium
fluoride in solution was added to react with the cobalt nitrite and the

solution evaporated and heated to decomposition, leaving cobalt

fluoride. This was treated with beryllium fluoride to form cobalt

fluoberytlate. Equimolecular amounts of cobalt fluoberyllate and

ammonium fluoberyllate were mixed and allowed to crystallise to

form cobalt ammonium fluoberyllate.

(a) C0SO4 + Ba(NO,), BaSOi + Co(NO,)i

(b) Co{NO,)i + 2NH4F— CoF» + 2N, + 4HtO

(c) CoFt + BeFt —* CoBeF4

(d) CoBeF4 + (NH4),BeF4 + 6HtO CoBeFi • (NH4)iBeFi 6H,0

K. S. KrUhnso asd A. Mookberp, Trans. Roy. 80c. (London), 2$7A, 136 {103d) S0$

C0SO4
BaStO, III-267

(NH4)rSi03

A solution of cobalt sulfate is shaken with finely dispersed barium

thiosulfate for several days. To this solution containing cobalt thio-

sulfate an excess of ammonium thiosulfate is added. By evaporating

in vacuo over sulfuric acid, greenish blue colored prisms of ammonium
cobalto thiosulfate are formed.

(a) C0SO4 + BaSjOj^ CoSiOj + BaSOi

(b) 2C0S1O, + 3(NH4)tS*0, + (NHOrCotCStOrji 6H,0

A. Rotenhrim and I. Davidsobn, Z. ano^. Cbem., 41, 231 (1904)

C0SO4

BaS504 m-268

A solution of cobaltous sulfate is treated with barium dithionate,

Altered, and the filtrate evaporated at a low temperature.

C0SO4 + BaSiOi CoStO, + BaS04

Heer«n. Pogg. Ann., 7, 35 (1826) 25
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CoSO<

c nr-269
Cobaltous sulfate is heated in the electric furnace with carbon.

C0SO4 + 4C CoS + 4CO

A. Mourlot, Ann. chim. phya. (7), IT. S46 (IS99) 25

C0SO4

CSKiH* in-260

Thiourea, finely powdered, is added to a boiling solution of cobaltous
sulfate. A dark blue colored crystalline powder is obtained.

2C0SO4 + 3CSN,H 4 Cot(CSN,H4) 1(804)1

A. Roaenbeim and V. J. Meyer, Z. anorg. Cbem., 49, 13 (1906) SB

C0SO4

CjHiOjNlfa III-261

A solution of cobalt sulfate will react with the sodium salt of anthra-
nilic acid yielding a crystalline red precipitate.

C0SO 4 + 2CrH40tNNa Co(C7HtOiN)t + NarSO*

H. Funk and M. DiU, Z. anal. Chem., 93, 241 (1933) SB

CaCOt

NO

NOs

C0SO4

III-262

Basic cobalto-cobaltic nitrite U prepared by adding cobaltous sulfate
to precipitated calcium carbonate suspended in water and dissolved
by addition of nitrous gases.

(a) CaCO, + NO + NO,^ Ca(NO,), + CO,
(b) 20Ca(NO,), + 20CoSO, + 44H,0

20CaSO< + 6NO + 4HNO,

+ 6Co++14Co^(NO,),.(OH).,.34H,0

T. Sujuki, J, Chem. Soc, (London), 97, 727 (1910)
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C0SO4

m-263
The author states that in solutions of cobalt sulfate of molar volume
4 to 32, the following ionic reaction takes place to the extent of
0.0149% at 25r

C0++ + 2(OH-') — Co(OH)i

H. G. Deabam, J. Cb«m. See. (loodoD), 9S, 61 (190S) 57

H,S
C0SO4

10-264

By passing hydrogen sulfide through a solution of cobaltous sulfate to
which Urtaric acid and sodium carbonate have been added, the cobalt
is precipitated quantitatively.

CoSOi + H,S C^ -f HiSO^

Villiero, CeiDpt. read., lie, 1263 (18M)

C0SO4

HiPO* m-266
Cobaltous sulfate isadded to an excessof orthophosphoricacid and the
solution evaporated to dryness and the residue heated to 316^.

C0SO4 + 2H,P0, Co(PO,), + 3H,0 + SO,

R. MftddreU, Ann., SI, 63 (1347) gg

C0SO4

^ in-266

A reddish brown precipitate is formed when potassium cyanide is

added in excess to a solution of cobaltous sulfate.

C0SO4 + 4KCN K,Co(CN )4 + (K,S04)

T, Tatcrsalt. Cbem. Newe. 39, 66 (1879) gs
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C0SO4

73

KCNS in-267

NH.CNS

A solution of cobaltous sulfate will react with a solution of potassium
thiocyanate yielding potassium cobaltous thiocyanate and potassium
sulfate. The potassium sulfate is eliminated by the addition of
alcohol. Thesame type reaction occurs with ammonium thiocyanate.

(a) CoSO, + 6KCNS -» K,Co(CNS), + K,SO.
(b) C0SO4 + 6(NH,)CNS -» (NH,)4Co(CNS)4 + (NH4),S04

P, Warden, Z. aoorg. Chem., tZ, 373 (1900) go

KlOi

Kl

C0SO4

m-268

Cobaitic hydroxide is formed by the reaction of cobaltous sulfate with
a mixtura 01 potassium iodate and iodide.

(a) 3C0SO4 + SKI + KIO, + 3H,0 -* 3Co(OH), + ZKtSO, + Cl
(b) 6Co(OH)i + KIO, + 3H,0 -4 6Co(OH), + KI
S. E. Moody, 3. snorg. Chom., Bl, 12

1

(J906)

Itcf., St. R. Benedict, Am. Chem. J,, 34, 531 (JOOB)

KMnO^

H,0,

C0SO4

111*269

To a cooled mixture of 7 g. cobaltous sulfate and 4 g. of potassium

2C0SO4 + 2KMn04 H- SHjO,

gggMnO, 2H,0 + (K,S04 + H,S04 + 40,)
M. Salinger, Z. anorg. Chem., 83, 351 (1903)
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C0SO4

KNO, ni-270

NH,

When to a solution of cobalt sulfate is added potassium nitrite and
ammonia, and allowed to stand for several days, yellow crystals of
dinitrito tetra ammino cobaltic sulfate appear. The solution takes
up oxygen from the air.

2C0SO4 + 8NH, + 4KNO, + 0 + H,0
K^04 + Co,{NH,),(NOi)4S04 + 2KOH

W. Gibbs, Ber., 6, 831 (1873) u

C0SO4

KOH ni.271

Cobaltous sulfate reacts with potassium hydroxide.

C0SO 4 + 4KOH KiCoOi + KtSO, + 2H|0

Winkler, J. I. prakt. Cbem., 91, 358 (1864) S5

C0SO4

KOH ni-272

Cobaltous sulfate will react with potassium hydroxide yielding

cobaltous hydroxide. By heating this precipitate of cobaltous
hydroxide for several hours on a water bath with potassium per-

sulfate, cobaltic hydroxide, a precipitate of brown-black color is

obtained.

(a) C0SO4 + 2KOH Co(OH)> + KtSO,

(b) 2Co(OH)* -h KiSjO, + 2H,0 2Co(QH), -h KjSOi + H 1SO4

E. Htittaer, Z. anorg. Chem., 87, 81 (1901) ss



COB.^LT 75

C0SO4

ZiSeOi III-273

Aqueous solutions of cobalt sulfate and potassium seleaate were
mixed in equimolecular proportions and allowed to crystalline, form-
ing the double salt cobalt potassium sulfato-selenate. Nickel
ammonium sulfato-selenate was formed in a similar method.

CoSO, + KtSeO* + 6H1O CoSO* K,SeOi 6H,0

K. S. Krishman and A. Mookherji, Trana. Roy. Soc. (London), 2S7A, 136 (J03«) W6

C0SO4
K^Fe(CN)j

111-274

Potassium ferrocyanide is added to ao amraoniacal solution of
cobaltous sulfate.

2C0SO1 + K^FeCCK)! CotFe(CN), + 2K,S04

Grosaamtnn, Chem. Ztg., 81, 37 (1907)
es

KHi
C0SO4

111-276

D17 cobaltous sulfate absorbs about 66% of ammonia with s<velling
and evolution of heat.

CoSO, + 6XH, C0SO4-6NH,
H. Roac, Fogg. Ann., 80, 152 (1330)

es

NH,

NO

CoSOi

III-276

aw
dissolved in 125 g. boiling water is poured

into i50 g. concentrated ammonium hydroxide. After standing 12hours the solution is saturated with nitrogen oxide to precipitate

loM^r pentLmLate

(a) CoS04 + 6NH4-.(CoSO,-6N'H,)
(b) 2CoS04-6NH, + 2XO + 2H,0

^ Co»(S04), • 2X0 • lONH,- 2H4O + (2NH»)
A. Werner aad P. Karrer, Helv. Chim., 1, 68 (1918)

78
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C0SO4
NH4CNS m-277

Cobaltous sulfate, io solution, is treated with ammonium thiocyanate
and the resulting solution extracted with amyl alcohol and the
extract evaporated over concentrated sulfuric acid.

C0SO4 + 4NH4CNS^ (NH4),Co(CNS)4 + (NH4),S04

E. P. Treadwell, 2. anorg. Chem., 2S, 109 (1001) £6

C0SO4
NH4OH

ni-278

When iodine is added to an ammoniacal solution of cobaltous sulfate
and the resulting filtrate evaporated spontaneously very small, octa-
hedral crystals of dihydrated rodeo cobaltous ammonia sulfate iodide
are formed.

2C0SO4 + IONH4OH + I,

Co,(NH,)„.(S04)iIr 2(H,0) + (8HtO)

J. M. Krok, Acta Univ. Lund., 73, No. 6, 15 (1871)

C0SO4
(NH4)sS04 ni-279

Equimolecular quantities of cobaltous sulfate and ammonium sulfate
in aqueous solution were mixed and allowed to crystallise in order to
form ammonium cobaltous sulfate bexahydrate.

(NH4)*S04 + C0SO4 + 6H,0 (NH4)iCo(804)r6H,0

A. E, H. Tuttoo, Traos. Roy. Son. (London), 216A, 13 (1916) 20S

C0SO4
(liH4)»As04 in-280

Red microscopic needles are obtained when solutions of cobaltous
sulfate and ammonium arsenate are combined (free ammonia being
absent).

3C0SO1 + 2(NH*),A804 + 8H,0
Co,(As04)f8H,0 + (3(NH4)*S04)

O. Ducnj, Add. cbim. pbys. [7| 32, 190 (1901) gg
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CoSO*

77

in-281

NH,OH

20 g of crystalline cobalt sulfate are dissolved in 25 cc of boiling water
and 85 g of cone, ammonium hydroxide added. The solution is
allowed to stand five hours and it is then saturated with nitric oxide
The color of the solution changes to a wine red from which a dark red
crystalline powder separates. This is a mixture of the 2 compounds

6C0SO4 + 29NH.OH + 6NO
^ Co,(N,0,){NH,)„(S04), + Co4(N,0,),(NH,)„H,0(SO,),

+ 28HrO
T^ew crys^s are dissolved in 20% sulfuric acid and a 20% solution

^
nitric acid added, Bnght rose red crystals separate. They are a

double salt of pentamminonitrosocobalt nitrate with one sulfuric acid,

Co,(N,0,)(NH,)„(S04), + 4HNO,
-*Co,(N,0,)(NH,)„(NO,),H,S04 + H,S04

J. Sftnd and 0, Gantaler, Ann., $89, 205 (1903)
go

NftBOi

KI
in-2d2

(a) 8C0SO4 + 4NaBOj + 14NaOH + 5H,0

or- /rhLTv
-^gCo(OH), + Na,84(^7 + 8Na,S04

(b) 2Co(OH)i + 2KI + SHjSO^

/.X ,
^ 2C0SO4 + Ij + 6HjO + KiSOa

^ ^ + 2Na:SiO, 2NaI + Na,S40,
H. H. Willard and D. Hall, J. Am. Chem. Soc., 44. 2238 (1922)
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C0SO4

NaCisHsiO) in-283

When an excess of cobalt sulfate is added to a solution of sodium
oleate, a dark red cobalt oleate is fonned. When nickel sulfate is

used the precipitate consists of green resinous nickel oleate. When
copper sulfate is used in the same way a precipitate of copper oleate is

formed.

(a) CoSO^ + 2NaCnH„0, Co(CitHnOt)i + Na^SO.

(b) NiSO* + 2NaCuH„0, ^ Ni(CtiH>,Ot), + Na,SO,

(c) CuSOi + 2NaCiiH„Ot Cu(Ci>H>,Qt)t + Na^Oi

L. Schan, Ann., 344. 239 (1888)

Ref., L, KahUnberg. J. Phys. Cbem., 6, I (J902) 7

C0SO4

NaNH^HPO* III-284
I

Cobalt ammonium phosphate is precipitated by addition of sodium
ammonium phosphate to cobaltous sulfate solution. The precipitate

is converted to pyrophosphate by ignition.

(a) CoSO« + NaNHiHPO, CoNH^i + (NaHSO^)

2CoNH4PO*

S7

(b) 2CoNH4PO* Co,P,07 + (2NH, + H,0)

T. Suauki, J. Chem. Soe. (London), 97, 727 (1910)

C0SO4

NaOCI m-2B6
Cobalt sulfate in aqueous solution precipitates cobaltic oxide when
sodium hypochlorite is added.

2C0SO4 + NaOCl + 2H,0 CoiO, + NaCI + 2H^04
Rhodes and Hosking, Anti. Ed., 2, 184 (1930) U

IH
3$

CoSO,
NaOH m-286

Without access to air, cobaltous sulfate reacts with sodium hydroxide.

CoSO, + 2NaOH Co(OH), + Na.SO,

Frcmy, J. pbarm. (3|, 19, 404 ss
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CoSO*

Na,Fe(CK)i NO ni-287

Cobalt nitjopnisside is precipitated aa a delicate pink colored powder
when cobalt sulfate solution is added to a concentrated solution of
sodium nitroprusside.

C0SO4 + Na,Fe(CN),NO-» CoFe(CN)tNQ(+yatS04)

T. H. Kdrton» Am. Chem. J., 10, 223 (1888) 1

CoSO,
NajWO*

jlj

Solutions of cobaltous sulfate and sodium tungstate are poured
together and the precipitate washed and filtered.

C0SO4 + Na,W04 + 2H,0 -4 CoWO, 2H,0 + Na,S04

Anthon, J. f. prakt. Chem., 9, 344 (1836)

C0SO4

Pb(CH..SO.),

Solutions of MbaJt sulfate and lead methyl sulfate are mixed, the lead
sulfate filter^ off, and the filtrate yields leaf-like crystals of hexa-
hydrated cobalt methyl sulfate.

C0SO4 Pb(CH,S04), + 6H,0
-^ PbS04 + Co(CH,SO.),-6H.O

J. E. Alin, K. Sven. Vet. Ak. Hin<II. Overs., »7. No. 8. IS (1880)

PbOj
C0SO4

solution of

ni-290

cobaltous

4C0SO, + 4PbO, + 6H,0

Gibbs, Am. J. Sci., 14, 204 (1862)

-> 4Co(OH) 3 + (4PbS04 + 0,)
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C0SO4

PbOt ni-291

HC)H|Os

A method for the determination of cobalt as trioxalatocobaltiate is

based on the measurement of the absorption at 605 m#* due to the tri-

oxalatocobaJtiate ion, Co(Cs04)i—, which ia produced by oxidation
of a cobaltous solution by lead dioxide in a weakly acid solution of

potassium oxalate according to the reaction.

2C0SO, + 4HC,H,0, + 7K,CK»4 + PbO,
^ 2K,Co{C,Oi), + PbCtO* + 4KCiH,Ot + 2K,SOi + 2H,0

Q. H. Csrtledge &ad Psrb M. Nichols, Aasl. Ed., 13, 20 (1941) 44
je

C0SO4
PbOi ni-292

MnOt

Cobalt oxide can be separated from the sulphate solution by boiling
with either lead or manganese dioxides, or a mixture of the two.

(a) 2C0SO4 + PbOf + H,0 Co,0, + O4 + PbS04
(b) 3C0SO4 + PbO, + 2H,0 CoiOi + 2H,804 + PbSO,
(c) 2C0SO4 + MnOt + H,0 CoiO, + MaSO, + H^04
(d) 2C0SO4 + Mn,0, CoiOi + 2MnS04

6 . Field, Trsu. Fsrsdsy 80c., 17, 418 (1921) 86

CoSO,
RbjSOi in-293

Solutions containing molar quantities of cobalt sulfate and rubidium
sulfate were mixed, stirred and allowed to stand and crystallize. An
addition compound of cobalt rubidium disulfate was obtained.

Similar addition products are formed when iron**"^, cobalt, nickel or
copper react with rubidium sulfate. In fact, similar addition
products are formed when solutions of any of the above mentioned
sulfates react with solutions of the sulfates of cesium, tellurium,

ammonium or potassium.

C0SO4 + Rb^04 + 6H,0^ CoRb,(S04)* 6H,0

K. 8. KruhmaQ sod A. Mookherji, Tran. Roy. 80c. (London), 8S7A, 135 (1939) i06
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CoSOi
St(RC^*Oi)i m-294

Strontium hydrogen malate reacts with cobalt sulfate to form cobalt
hydrogen malate, Treatment of this compound with alcohol converts
it to the normal salt,

(a) Sr(HC4HiO*), + C0SO4 Co(HC 4H40 ,), + (SrS04)

(b) Co(HC4H40t)t CoC4H404 + (HtC^HiO*)

S. U. Pickering, J. Cbem. Soc. (London), 107, 940 (1915) 57

SrSiOi

C0SO4

U1495
A solution of cobaltous sulfate is treated with strontium thiosulfate
filtered, and the filtrate evaporated at a low temperature.

CoSO, + SrS,Oi + 6H,0-* CoSjO,- 6HfO + SrSO,
fUmmeliberg, Ann., 46, 300 (1842)
.a.........

A
C0SO4

When heated at 800'C cobalt sulfate is decomposed:

C0SO4^ CoO 4- SOj
C. Marchfll, J. Chrm. phye,. 23, 413 (1926)

171-296

K«H,
ni-297

Slow addition of a liquid ammonia solution of potassium amide to a

(a) Co(SCN), + 2KNH. Co(NH,), + 2KSCN
3Co{NH,),^ Co,N, + 4NH,

F. W. Bergstrom, J, Am. Chcm. Soc.. 46, 2632 (1324)
I
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_ CoSeO,
HtSeOa

jjj

Cobalt selenite dissolves in selenious acid, and the solution yields
sniall, red, rhombic prisms of the anhydrous cobalt selenite selenium
dioxide.

CoSeO, + HtSeOi CoSeO, SeO, + HiO
L. F. Nilsoo, K. Sven. Vet. Ak. Haodl. Oven., H, No. 1, 41 (1874)

SeOi

HsO

CoSeO,

ni>29d

When normal cobalt selenite is heated in water with selenium dioxide
at 60 mono-hydrated coUlt selenite diselenium dioxide forms red-
violet, microscopic, oblique four-sided tablets.

CoSeO, + 2SeO, -f- H,0 CoSeO, • (SeO,),- H,0
L. F. NU»q, Nova Acta. 8oc, Uppaai. |8|, $, No. 7, 57 <1874)

A
2CoCO, Co(OH),

III-300

Cobalt oxide is formed when basic cobalt carbonate is heated to
200®C.

2CoCO, Co(OH), CojO, + 2CO, + H,

C. D. Brauo, Z. anal. Cben., 8, 78 (1887) ^

KOH
Co,(CO,)i

UI-301

Potassium cobaltinitrite is prepared by suspending cobalt carbonate
in a small amount of water, adding the calculated amount of potas-
sium hydroxide, and then passing in nitrogen trioxide.

Co,(CO,), -h 6KOH + 6N,0, 2K,Co(NO,), -h 3CO, H- 3H,0
Rosenheim and Koppel, Z. anorg. Chem., 17, 42 (1898)
Ref-, M. Cunningham and F. M. Perkin, J. C^em. &c. (London), 95:8, 1583
(1909)
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(CoCrOOt CrjOj 8NHt
AgNOj 111*302

When a solution of chromato cob&ltic dichromate octaramoniate is

treated with a solution of silver nitrate a precipitate of silver dichro-

mate is formed and hydrated chromato cobaltic nitrate octamraoniate

will remain in solution.

(CoCr04)* CrtOr-8NH, 2AgNO, + 2H,0
-»2(CoNOrCr04H,01«8NH, + AgtCrtOr

Samuel H. C. Briggs, J. Chem. 8oc. (London), 115:1, 74 (1919) 4$

(CoCr04 ), Cr,0, 8NH,
Ba(NOj)j in-303

When a solution of chromatocobalticdichromate octaramoniate is

treated with a solution 0/ barium nitrate, a precipitate of barium
chromate wilJ be obtained and chromatocobaltic nitrateoctammoniate
will remain in solution.

((CoCrOOjCrA-SNH, + 2Ba(NO,), + 2H,0
-* ^BaCrQ. + (Co(NO.>, CrO.). H,0 8NH, + H,))

Samuel H. C. Briggs, J. Chem. Soc- (London), 74 (|919) ^

Co,Fe(CN),
K.Fe(CN).

Cobalt ferrocyaoide boded »itb potassium ferrocyanide gives the
foliowjDg reaction:

Co,Fe(CN). + 4K,Fe{CN).- K,Co,(Fe(CN).) + 4K,Fe(CN),
0. Wyrouboff, Gats. chim. iUJ., 7. 272 (1S77)

CaCO:
Co,Ht(CA)e

« obtained when a solution of

O'^rbonate and thesolution agitated until a neutral or slightly acid reaction is obtained.

H.Co.(C,0,). + 3CaCO, + 3H,0 -.Ca,Co,(C,0.)..6HsO + 3CO,
Stanley B. Benedict, J. Am. Chem. &»., 28, 172 (1908)

111-305
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Co(Nfli)*(NOt)aCo

m-306
A solution of luteo cobaltocobaltic nitrite will react with diluted
hydrochloric acid yielding a yellow precipitate.

Co(NH,)t(NO,).Co + 6HCI CoCl,(NH,)< + 6HNO, + CoCli

S. M. JOrgenKD, 2. aaorg. Chem., 6. 147 (1894) iS

TljSOi
Co(NH.)»(NO,)iCo

I1I-307

The dry powder of luteo cobaltocobaltic nitrite will react with a solu-
tion of thallium sulfate yielding a precipitate of red color.

2[Co(NH,),{NO,)tCol + 3Tl,SO,

2Co(NOi)>Tl, + [Co(NH,),],(S04)j

8. M. J^rgensea. Z. anorg. Chem., 6. 147 (1894)

NaNOs

NaNO,

Chloropentammino cobaltic chloride reacts with a mixture of sodium
nitrite and nitrate to form liavocobaitic chloride and sodium chloride.

Coj{NH,)«a, + 2NaNO, -h 2NaN0,
^ Co,(NH,),»(NO,),{NO,),Cli + 4NaCl

W. Gibbs, B«r., 6, 831 (1873)

Coi(NHi)i,CU

III-dOB

Cot(NH,)„(NO,)»(NOi)*
Co8(NHj)jo(NOj)jCl4 111^09

When equal molecular quantities of xantho cobaltic nitrate and
xantho cobaltic chloride are dissolved together in hot water a new
salt is formed, flavocobaltic chloride.

Co,(NH,)«(NO,),(NO,) 4 + Co,(NH,)x*(NO,),Cl4

2Co,(NH,)i*(NO,),(NO,),Cl,

W. Oibba, B«r., 6, 831 (1878) //
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Co»(NH») i*(S04)iIt

8d

Br in-310
Bromine (or chlonne) replaces the iodine in roseo cobaltous ammo-
nium sulfate iodide and yields dihydrated rose© cobaltous sulfate
bromide (or chloride) as red crystals.

(a) Co,(NH,),o(S04)tI. -I- Br, + 3H,0

^Co,(NH,)„(SO,),Br,(H,0), -|- (10
(b) Co,(NHO..(SOOtI. + Cl, + 2H,0

-Co,(NH0h(SO4)jC1, (H,O), -I- (I,)

J. M. Krok, AcU Univ. Umd., 78, No. 5, 16-17 (1871) w

Co,(NH0>.(SO0,I,

HNOi
III-311

Nitric acid acts on roseo cobaltous ammonia sulfate iodide and yields
bnck red. amorphous dihydrated roseo cobaltous ammonium nitrate.

Co,(NH,)io(80,),I, -I- 6HNO, + 2H,0
-*2H^04

-I- 2HI -I- Co,(NH,)„(NO,). (H,0),
J. M- Krok, AcU Uaiv. Luftd., T$, Ko. 5, 19 (lS7i) JO

Cl

Co,(NH,)„(SO,),It

Chlorine replaces the iodine in luteo cobaltous ammonia sulfate
iodide and yields yellowish red, prismatic crystals of luteo cobaltous
ammonium sulfate cbioride.

Co,(NH,)„(S04)J,
-I- Cl,-*Co,(NH,)„(SO.), Cl, + I,

J. M. Krok, AcU Univ. Lund., 70, No. 6, 7 (1971)

111-312

10

HCl
Co,(NH,)i,(SO,),I,

ni-313

« “ydrochlorio (ornitno acid) to form luteo cobaltous ammonium chloride (or nitrate).

(a) Oo,(NH,)„(S04),I, 6HC1

rM
-^Co,(NH,)„C1.-|-(2H,SO. -)-2HI)

(b) Co,(NH,)„(SO0»r, -1- 6HNO,
-* Co,(NH,)„(NO,), + (2H,SO. -I- 2HI)

J. M. Krok, Acta Univ. Lund., 78, No. 5, 5 (i87i,
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Co,(NO,),(KNO,),-3H,0
* 1II-3U

Potassium cobaltinitrite is decomposed on heating to yield cobalt
oxide, nitric oxide, potassium nitrate, potasaum nitrite, and water.

Co,(NO,),(KNO,).-3H,0
^ Co,0. + 6N0 + 3KN0, + 3KN0, + 3HsO

P. C. Ray, J. Cham. Soe. (Umdon), 89:1, 858 (1906) ;0S

Co,(NO,)a(NO),(NH,),, H,0

An aqueous solution of the red dimer of cobalt dinitrate mononitroso
pentammoniate hemibydraU treated with silver nitrate solution
gives as a precipiute an addition product of cobalt dinitrate mono-
nitroso pentammoniate dimer containing one molecule of silver
nitrate.

Co,(N0,),(NO),(NH,)„ H,0 -I- AgNO,
^ Co.(NO.).(NO).(NH,),.AgNO.

-I- (H.O)

J. 8«nd And 0. Geutl«r» Aon,, 929, 196 (1903)
Ref., A. Wcfuer and P. Kamr, Helv. Chim., 1, 64 (1918) 7$

Co,(NO»)4(NO),{NHi),aHtO

in-316

^Vhea the red dimer of cobalt dinitrate mononitroso pentammoniate
heraihydrate is dissolved in concentrated hydrobromic acid and
allowed to stand a short time, cobalt tribromide pentammoniate
precipitates.

Co,(NO,)4(NO),(Nn,)i4H,0 + 6HBr
^ 2CoBr> 5NH» + (4HN0, + N,0 + 2H*0)

A. Wcmcf and P, Karrcr, Holv. Chim., 1, 76 (1918) 78
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Co,(NOi)4(NO),{NH,)«. H*0

87

HCl ni-317

Wheo the red dimer of cobalt dinitrate mononitroso pentammoniate
bemihydrate is dissolved in concentrated hydrochloric acid and
allowed to stand a short time, cobalt trichloride pentammoniate
precipitates.

Co»(NOi)i(NO),(NH,)ipH,0 + 6HC1
2Coa, 5NH> + (4HN0i + N,0 + 2H,0)

A. Werner and P. Ktmr, Helv. Chim., 1, 7S (Jfil8) rs

HCIO4
Co,(NO,)i(NO),(NH,)xp H,0

111-318

From ao aqueous solutiou of the red dimer of cobalt dinitrate mono-
Ditroso pentammoniate hemihydrate thirty percent perchloric acid
precipitates a red-brown addition product of cobalt diperchlorate
laononitroso pentammoniate hemihydrate containing one molecule
of perchloric acid.

W

(b)

Coi(NOi)4(NO),(NH,)„-HjO + 4HC10,
^ (Co,(CI04).(NO),(NH,)„-H,0 + 4HNO,)

Coi(C104)4(NO),(NHj),rH,0 + HCIO 4

-• Co,(C10.).(NO).(NH.l ..HCIO. H.O
A. W»rner Bsd P, K»rr»r. H«lv. Chim., 1, 65 (1918)

Co,(NO,)4{NO),(NH,).. H.0
HIU)

. in-319

** to solution

fei2ivSf/'r'-
mononitroso pentammoniatehemhydrate to give a red precipitate of an addition product ofcobalt di-iodate mononitroso penUmmoniate dimer and iodic acid.

Co,(NO,)4(NO),(NH,)„-H^
-f- 8HIO,

Co,(IO,)4(NO),(NH,)i.- 4HI04 -I- (4HNO, -|- HjO)
A. Werner end P. Karrer, Belv. Chim., 1, 75 (1918)

78
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Co,(NO,)4(NO).(NH,)„ H,0
HNO, UI-320

Treatment of the red dimer of cobalt dinitrate mononitrosopentam-
moniate hemihydrate with 20% nitric acid gives an addition product
of cobalt dinitrate mononitrosopentarareoniate dimer containing one
molecule of dinitrogen pentoxide.

Co,(NO,)4(NO)t{NH,),rH,0 + 2HNO,
^Co,(N0,)4(N0),(NHi)„'N,04 + (2H,0)

J- Sand ind 0- Genaler, Ann., 939, 196 (1903)
Ref

» A. Werner and P. Karrer, Helv. Chim., 1. 64 <1918) n

H1C2O4
Co,(NOi)4{NO)t(NH,)wH,0

111-321

An aqueous aolution of oxalic acid ia poured over crystals of the red
dimer of cobalt dinitrato mononjlrosopentammoniate hemihydrate
and precipitate a yellow-brown addition product of cobalt mono-
oxalate moDonitrosopentaminoniatc sesquihydrate dimer and oxalic
acid.

Co,(NOi)4{NO)t(NH,),e HtO + OHiCtOi + 2H,0
Co>(Ci04)t(NO),(NHi)ia-4HtC,04 3HtO H- (4HNO,)

A. Werner and P. Karrer. Helv. Chim.. 1, 74 (1918)

Co,(NO,)4(NO),(NH,)ie H,0
in-322

A cold concentrated aqueous solution of the red dimer of cobalt
dinitrate mononitrosopentammooiate hemihydrate poured over crys-
tals of potassium (or sodium) bromide gives a yellow-brown precipi-
tate of cobalt dibromide mononitrosopentaromoniate sesquihydrate
dimer. Several recrystalliaations from potassium bromide solution
are necessary for a homogeneous product.

Co,(NO,)4(N0),(NH,),eH,0 + 4KBr + 2H,0
Co»Br4(NO),(NHi),e»3H^ -h (4KNO3)

A. Werner and P. Karrer, Helv. Cbim., 1, 71 (1918) 7s
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Co,(NO,)«(NO),{NH,).,H.O

89

El in-323

HNO,

An aqueous solution of the red dimer of cobalt dinitrate mononitroso
pentammoniate hemihydrate when treated with potassium iodide and
nitric acid gives a precipitate of cobalt dinitrate monoiodide pentam-
moniate dimer containing one molecule of dinitrogen oxide.

Co,(NO,)4(NO).(NH,)„H,0 + 2KI + 2HN0.
-* Co,(NO.)J,(NH.)i. N.O + (2H,0 + 2KNO,)

J. Sand and 0. Geoaaler, Ado., 3S$, 196 (1903)
Eef., A. Wemcrand P. Karr«r, Heiv. Chim., 1. 66 (1918) 78

Co»(N0,).{N0),{NH,)„H,0
:rO,

JJJ

Aqueous solutions of potassium chromate and the red dimer of cobalt
dmitrate mononitroso pentammoniate hemihydrate are mixed to give
a yellow-brown precipitate of the dimer of cobalt monochromate
mononitroso penUmmoniate dihydraU.

Co,(NO,),(NO),(NH,),o H,0 2K,Cr04 + 3H,0
^ po»(CrO4)»(NO),(NHj)n-4H40 + (4KN0,)

A. Werner and P. Karrer, Helv, Chin.. 1, 7S (1918)

NH4OH
^'(N0,),(N0),(NH,)„HN0, H,0

Vi . . 4 .
IH-326

Cr^tals of the nitnc acid addition product of cobait dinitrate moao-

c con-centrated ammonium hydroxide yield the neutral salt.

Co,(NO,).(NO),(NH,),.HNO, H.O -|- NH4OH
-Co,(NO,)4(NO),(NH,)„-H,0

-I- {NH4NO, -I- H,0)
A. Werner and P. Karrer, Helv. Chim.. 1. 74 (1918)

78
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Co,(NO,)4(NO),(NH.)ioH,0
Pb(NO,),

in-32e
An aqueous solution of the red dimer of cobalt dinitrate mononitroso
pentammoniate hemihydrate treated with a solution of lead nitrate
gives as a precipitate an addition product of two molecules of cobalt
dinitrate mononitrosopentammoniate dimer and one molecule of lead
nitrate.

2Co.{NO,)4CNO),(NH,)i.-H,0 + Pb(NO,),
-* Co«(NO.).(NO).(NH.),.Pb(NO.). + (2H,0)

J. Sand and 0. Genasler, Ana.. 829. 106 (1903)
R«f., A- Wemer and P. Karrer. Helv. China., I, 57 (1918) rs

Co,(NO,).(NO),(NH,)irH,0
Nitron Sulfate

An aqueous solution of nitron sulfate is added to a solution of the red
dimer of cobalt dinitrate monooitrosopentammoDiate hemihydrate.
After filtering off the precipitated nitron nitrate, addition of alcohol
and ether precipitates the dimer of cobalt monosulfate mononitroso
pentammoniate monohydrate.

2C,oH„N. H»S04 + Co,(NO,),(NO),(NH,)„-H,0 + H,0
-»Coi(S04),(NO),(NH,)„ 2H,0 + 2CmHi.N, HNO. + (2HNO,)

A. Wemer and P. Karrer. Helv. Chiin., I, 69 (1918)

Co,(N,0,)(NHa),e(NO,)^

ni-328
An aqueous solution of pentamminenitrosocobalt nitrate is treated
with perchloric acid. The solution is concentrated and pale reddish
yellow crystals separate. These are washed with dilute perchloric
acid solution, alcohol and ether. The compound is pentammine-
nitrosocobalt chlorate, crystallising with 2HNO|.

Coi(N,0,)(NH,),o(NO,)4 + 4HC104
Co,(N,0,)(NH,),.(C10,)r2HNOt + 2HNO»

J. SanrI and 0. Genssler, Ann., 829. 202 (1903) go
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Co,(NA){NH,)„(NO,)<

91

HNO, III-329

Ooe gram of pentamminonitrosocobalt nitrate is dissolved in water
and a 20% solution of nitric acid is added. Glistening plates separ-
ate. These are filtered off, washed with dilute nitric acid, alcohol and
water- The compound is a double compound of pentaminonitroso-
cobalt nitrate and nitric acid.

Co,(N,0.)(NH,)„(NO,)< -I- 2HNO,
-* Co,(N,0,)(NH,)„(NO,).-2HNO,

J. Sftod Aod 0. GenoJer, Ana., 329, 201 (J903) #0

SjClj

(CoNi)^4

in-3do
Linnaeite is completely decomposed by sulfur monooUoride when a
mixture is heated in a sealed tube at 170*.

(CoNi)A + 4SiCI, 2CoCli -1- 2NiCl, -I- 6S,

E. F. Smith, J. Am. Chtm. Soc., 90, 292 <1898}

HCl
Co,(OH),Cl4 8KH,

111-331

concen-
Dihydroxo dicobalt tetrachloride octemmoniate reacte with v..
trated hydrochloric acid at low temperature to yield dihydroxo-
cobaltic oWonde tetrammoniate and cobaltic chloride tetraramoniate.

(Coi{OH)iCli'8NH, + 2HC1

Co(OH),Clj 4NH| + CoCl, 4NH» + Hj)
A. Werner, Ber., 40, 4817 (1907)

JW., J. J. Sudborough, J. Chem. Soc. (London), 94:2, 42 (1908) S7

FeSO^
CojOa

^Itic oxide is trated with ferrous sulfate solution to p«,ducefeme oxide and cobaltous sulfate which precipitates.

CojOl + 2FeS04^ 2C0SQ4 + FetOe

Goutftl, Ann. ebim, anal., 1
, 305 (1896)

in-332

7&
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HCl
CojOj

I1I'333

ChJorine is liberated when cobalt sesquioxide is treated with hydro-
chloric acid.

Co,0, + 6HC1 2CoCJ, + 3H,0 -f Cl,

Donftth. Ber. (1879) p. 1868
Ref., J. Am. Cbem. 8oc., SO. 184 (1898)

H,
C02O1

Cobaltic oxide is reduced by hydrogen at 2800“C.

Co,0, -b 3H, 2Co + 3H,0
MoUsen, Ann. chim. phyt. (6 1 Si, 199 (1880)

111-334

/

$s

HaS
CcO,

III-335

When a current of hydrogen sulfide is passed over cobaltic oxide
heated to redness, cobaltic sulfide separates in the form of globules,
brass-yellow in color, with a metallic luster.

Co,0, -I- 3H,S CoA + 3H,0
T. Hjortdahl, Compt. rend., 86, 76 (1867) £P

E
NH,

CoiO,

1IU336

At 0' cobaltic oxide is reduced first to cobaltous oxide (a) and then to
elementary cobalt (b) by liquid ammonia solutions of potassium.

(a) Co,0, + 2K + NH, 2CoO + KOH + KNH,
(b) CoO + 2K + NH,^ Co + KOH + KNH,
T. E. Moore and 0. W. Watt, J. Am. Chem. Soc., 64. 2774 (1942)
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Co,P^,

93

H,0 111^37
Cobalt pyrophosphate is heated in a sealed tube for six hour8at280'C,

aCojPjO, + 2H,0^ Co(H,PO,). + Coi(PO,),

KtyoosOf Corapt. rend., Si, 795 (IS52)

HCl

HBr

EHOi

Co,(SO,), 5NH,

ni-336

Cob^tic sulfite pentammoniate treated with hydrochloric acid yields
cobalfc chlor^lfite pentammoniate, water and sulfur dioxide.

S + 2HCI ^2CoClSO,.5NH. + (H.O + SO.)
2HBr^2CoBrSO,-5NH, + (H.O + SO,)

(c) Co,(SO,),-5NH, + 2HNO,
’

- 2CoNO,SO,-6NH, + (H.O + SO.)
E. H. Kie«nf«ld, Med. K. Vet. Ncbelin.t., 6. X*. 6, 3 (1923) ,o

HBr
Co,(SO,),(NO),(NH,),e-2H,0

i . e L .
III-339

Co,(S04),{NO),(NH,),o-2H.O + 5HBr
-Co.Br4{NO).(NH,).,HBr-H.O + (2H.SO4 + H.O)

A. Werner sod P. Karrer, Hefv. Chin.., I, 72 (1918)
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Co,(S04)*(NO),(NH,),o 2HtO
111-340

When the dimer of cobnlt monoeulfate mononitrosopentammoniate
moQohydrate is dissolyed in concentrated hydrochloric acid and
allowed to stand a short time, cobalt trichloride pentammoniate
precipitates.

Co,(SO*),{NO),(NH,)it 2H,0 + 6HCJ
^ 2CoQ> SNH> + {2H^04 + NiO + 3H,0)

A- Weraer and P. Ksrw, Helv. Cbim., J, 76 (1918) 79

Coi(S04)>(NO),(NH,),r2HtO
HNO, UI-341

To a solution of the red dimer of cobalt monosulfate mononitroso
pentammoniate monohydrate in ten percent sulfuric acid is added a
twenty percent solution of nitric acid. An orange-red precipitate of

an addition product of cobalt dinitrate^mononitrosopentammoniate

hem ihydrate dimer containing one molecule of nitric acid is formed.

(a) Co,(804)i(NO),(NH,),r2H,0 + 4HNO,
(Cot(NO,)4(NO),(NH»),p H,0 -h 2H,S04 + HiO)

(b) Co,(NO,)4(NO),(NH4)u H,0 + HNO,
-> Co,(NO,)4(NO),(NH,)uHNOrH,0

A. Werner and P. Karrer, Helv. Chim., 1, 70 (1918) 7B

Co,(S04),

CS 2SO 1 III-342

Cobalt cesium alum is formed when strong sulfuric acid solutions of

cobalt and cesium sulfates are electrolysed.

Co,{804), + C6,S04 + 24H,0^ 2CoC8{S04)j 12H,0

J. L. Howe and E. A. O'Neal, i. Am. Cbem. Soe., 80, 762 (1898) i
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Cof(S04)*

(NH4)jS04 111-343

Cobaltic fiul/&te in solution prepared from cobaltous sulfate by
electrolysis is treated with the theoretical amount of ammonium
sulfate while the current continues to pkaas.

Co,(SO,), + (NH,),S04 + 24H,0^ (NH,),SO, Co,(SO.),-24H,0

H. Marshall, J, Cbem. Soe. 69» 768 (1891) £S

OotiSOih
SOa

III

Cobalt rubidium alum is obuined when strong sulfuric acid solutions
of cobalt sulfate and rubidium sulfate are electrolysed.

RbfSOi + Coi(S04)j + 24H|0 -^2RbCo(S04),'12H|0

J, L, Hows aad B. A. O'Ksal, J. Am. Cbem. Soe., 20, 762 (1808)

C
Co»04

III-346

When cobilt oxide is intimately mixed with carbon and subjected to
temperatures ranging from gW-llOO'C, the cobalt oxide is reduced.

(“) Co,0, + 40-* 3Co + 4CO
Co,0, + 4CO -» 3Co + 4CO,
2Co,0, + 4C -* 6Co + 4CO,

H. T. Kalmus, J. Ind. Eng. Chsm., 6, 108 <1914) ei

_ m-346
hydrochloric acid when heated and

agitated with steam.

CojO, + 8HCI^ 3CoCI, + 4H,0 + Cl,

H. T, Katmus, J. Ind, Eng. Chtm., 6, 107 (1914)
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(Co(NH,),(NOi),]
CsHjN, ni-347

10 Grams of cobaltic triammonotrioitrite are added to 31 grams of

ethylenediamine and the mixture heated over a free flame. The
reaction is rapid and ammonia is evolved. The ternperatlire of the
solution is raised to boiling and held there for 3^ minutes, Altered and
the filtrate concentrated until crystallisation begins. The solution
is cooled and the crystals removed by filtration. The compound
formed is trinitrito ammono ethylenediamlno cobaltic nitrate.

[Co(NH,)*(NO,),| + C,H,N,-*[(NOt)»CoNH,(CtH*N,)l + 2NH,
A. Weraer and P. Chausay, Ana., 8M, 254 (1012) fO

[Co(NH,),(C*04)0H1
HBr III-348

3 Grams of hydroxooxalatotriammino cobalt are treated with 3 cc of

concentrated hydrobromic acid while cooling. The residue is

recrystalUsed from water by the addition of hydrobromic acid and
oxalatoaquotriammioocobaltic bromide is obtidned as crystals with

one HsO.

((C,04)OHCo(NH»),] + HBr^((Ct04)H,OCo(NH,)ilBr

A. Werner, E. Bindacbedler and C. Saekur, Ann., 406, 232 (1914) fO

[CoNH,(NOi)«eDl
HCl 111-349

10 Grams of axnmonoetbylenediamino cobaltic nitrite are rubbed with

30 cc of concentrated hydrochloric acid and heated for 3 minutes on
the water bath. Nitrous acid is evolved and a black precipitate

forms. The solution is allow'ed to stand for 20 hours at room tem-
perature then the precipitate removed by filtration, washed with

alcohol. It is then dissolved in a minimum volume of water, filtered

and 25 cc of concentrated hydrochloric acid added. After 2 hours an

additional 50 cc of acid is added and the solution allowed to stand

2 days. Small greenish black needles of dichloroaquo ammono
ethylenediamino cobaltic chloride form. These are washed with

dilute hydrochloric acid, alcohol and dried.

[(NO,)aCoNHaC,H»N,| + 3HCI + H*0
fCUHtOCoNHjCjHtNslCl H- 3HNOs

A. Weraer and F. Cbaussy, Ann., 384, 254 (1912) fO



COBALT 97

H3C1O4

(Co(NH,),C,040H]
in-360

2 Gr&ms ofcobaltic hydroxooxalatotriammine, together with 1.5 grams

of crystalline oxalic acid, are added to 20 cc of water and the solution

evaporated to dryness on the water bath. The dark red residue is

triturated several times with water and the red solution decanted

from the residue. The residue is then washed with warm water until

the extract does not react with a solution of calcium chloride. The
residue is then dissolved in ammonia water by warming and dioxalatO'

triammine cobaltic acid liberated by the dropwise addition of dilute

hydrochloric acid until the solution is neutral. The precipitate is

filtered off, washed with alcohol and dried over sulphuric acid. The
acid is amorphous, has a bluish red color and is insoluble in cold

water. It dissolves in ammonia solution and is precipitated by
mineraJ acids. The acid is insoluble in alcohol, ether and benzol.

Yield 1.6 grams.

[CoOH(NH,),C,04) + H,C,04 -*(Co(NH,)i(Cj04)i]H + lUO

A. W«rn«r and W. Bowia. Ann.. iOg, 273 (1014) £0

ICo(NH,),{NOO»I
HaCsO* III-361

5 Grams of cobaltic trlammino nitrite and 5 grams of oxalic acid are

dissolved in 40 cc of water and the solution boiled under reflux until

all solid matter dissolves and a red precipitate forms (about 1 hour).
The precipitate is recrystallised from hot water acidified with acetic

acid and brown red prisms of trans triammino nitrite oxalate are
formed.

[Co(NH,),(NO,)j1 + H|C,04 [Co(NH,),NO,(C,0,)j + 2HNO,
' A. Werner, B. Bindechedier and C. Sackur, Ann., 40S, 236 (1014) £0

K,(Cr(Ct04)i]

[Co(NH,)4(NO,),|

UI-362

A solution of 0.7 grams of blue chromium potassium oxalate in 50 cc
of water is added to one of 0.9 grams of hexamminocobaltnitrate in
80 cc of water. A grey precipitate forms and, after standing for
some time, small brown crystals of hexamminocobalttrioxalatochro-
male with 3HsO are formed. They are insoluble in water.

[Co(NH,).(NO0i| + (Cr(C,04)j]K,

P. Pfeiffer, Ann., 346, 61 (1906)

(Co(NH,)«-Cr(C,04)jl + 3KNO.
£0
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[Co(NH,),(C,04)tlH
KOH m-353

3 Grams of dioxalatotriammioocobaltic acid are added to 10 cc of water
aod a solution of 0.52 grams of potassium hydroxide added. Ad
equal volume of alcohol is added to the deep red solution and potas*

slum dioxalatotriamminocobaltate is precipitated. The precipitate is

washed with dilute then absolute alcohol and dried over sulphuric
acid. It may be obtained in somewhat of a crystalline form by
dissolving in water, adding alcohol to permanent turbidity^ warming
and afleaving the solution to cool slowly. The crystals have two HjO.

(Co(NH,),(C,O0ilH + KOH ^ (Co(NH,)4(C,Q4)ilK + H,0

A. W«mer and W. Bowls, Aan., 406. 274 (1914) SO

(Co(NH,),(Ci04)tlH
NHiOH ni-364

3 Grams of dioxalatotriamminocobaltic acid ear added to 10 cc of water,

stirred until an even suspension is formed and ammonium hydroxide

added dropwise until solution is complete. An equal volume of

alcohol is added and ammonium dioxalatotriamminocobaltate pre*

cipitates. It is washed with dilute, then absolute alcohol and dried

over sulphuric acid. The compound is bluish red and crystallizes

with two HjO.

[Co{NH,),(Ct04),]H + NH4OH [Co(NH4)i(C>04)ilNH4 + H,0

A. Werner and W. Bowie, Ann.. 406, 275 (1914) SO

[Co(NH,),(NO,)4]NH4

NHa in-366

A solution of ammonium diammlno cobalt nitrite will react with

ammonia at boiling temperature. If the solution is then slightly over-

saturated with acetic acid, a yellow precipitate is obtained.

2NH4((NOOiCo(NH,),(NO,)d + 2NH, •

^ (NOt)t Co(NH>)t(NQt)»(NH,)4Co(NO>)t + 2NH4NOj

S. M. Jdrgenaen, Z. anorg. Chem., 6, 147 (1894) S8
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AgCl

[CoCOientlBr

m-356

A concentrated aqueous solution of carbonatodietbylenediamine

Gobaltic bromide is shaken with excess silver chloride for a long time,

the solution filtered and concentrated to crystallisation. Bright red

needles of carbonatodiethylenediamine cobaltic chloride with 1

HtO deposit.

[CO,Co(C,H + AgQ (CO|Co(CtH|Nt)ilCI + (AgBr)

A. Werner and J. Rapiport, Ana., 366, 73 (1912) 90

(CoCOiens]Br

AgNO» in-367

To a hot solution of carbonatodiethylenediamine cobaltic bromide
is added an equimolar amount of AgNOi. The precipitated AgBr
is removed by fiJtration. When the filtrate is reduced to half its

volume, blulsb-red crystab of the corresponding nitrate are deposited.

(CO,Co(C,H,N,),lBr + AgNOi (CO,Co(C,H,Ni)s]NO, + AgBr

A. Werner, Ana., 366, 75 (1912) u

[CoCJNCSenJBr
AgNO*

jjj

A concentrated aqueous solution of trans chloroisothiocyanato*
diethylenediamine cobaltic bromide is treated with a solution of 3
moles of silver nitrate and the solution heated to boiling. The
solution is filtered and, upon cooling, bright violet needles deposit.
These are washed with alcohol and ether. These crystals are trans
chloro silver thiocyanatodlethylenediamine cobaltic nitrate.

[ClNCSCo(C,HJ^,),JBr + 2AgNO,

[ClAgSCNCo(C,H|N,),KNO,)i + AgBr
A. Werner and R. Schmidt, Ann., 386, 139 (1912)
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[CoCOteni]Br
Ag,o ra-sso

C»H40«

1 Gram of carbonatodiethyJenediamine cobaltic bromide is dissolved
in a small volume of water and 0.55 gram of freshly prepared silver

oxide added. The solution is stirred until reaction is complete, then
it is filtered and 2 moles of malonic acid added for each mole of the
bromide used. The solution is concentrated on the water bath and
rose colored crystals of malonatodiethylenediamine cobaltic acid
malonate deposit. They are washed and dried over calcium chloride.

(a) AgtO + HtO ^ 2AgOH
(b) [CO*Co(C|HJ^,),lBr + AgOH

[COiCo(CjH|Ni)j]OH + AgBr
(e) [CO,Co(C,H,N,),10H + 2C,H40 i

[(C|H«04Co(CtH|Nt)t]C|H|04 + 2HsO + COt

A. Werner and J. Rapiport, Ann., MS, 70 (1012) $0

[CoCOaenijBr
AgiO in-360

S(CH}COOH)t

Carbonatodiethylenediamine cobaltic bromide was treated with

moist silver oxide and, after filtering, the solution was treated with

tbiodiacetic acid. After evaporating and cooling, a double salt

containing cobaltous thiodiacetate precipitates.

(a) 2[CO,Co(NH,CiH4NH,),)Br + Ag,0 + H,0
-2[CO,Co(NH,CtH4NH,),|OH + 2AgBr

(b) [CO,Co(NH,C,H4NH,)JOH + 2S(CH,COOH),
^S(CH,COO),Co S(CH,C00H), C,H4(NH,), 2HtO + ?

T. S. Price and 8 . A. Brazier, J. Chem. Soe. Oboadon), 107, 1371 (1915) 67
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{CoCIBrenJBr

101

HBf in-361

Cis chlorobromodiethyleoediamine cob&ltic bromide i$ treated with

concentrated hydrobromic acid and the solution warmed gently until

all of the solid has dissolved. The solution is cooled and a green

crystalline mass precipitates. It Is pressed on a porous plate and
washed with alcohol. The residue is dissolved in a small volume of

water and precipitated by the addition of ammonium bromide.

Trans dibromodiethylenediamine cobaltio bromide is formed.

[ClBrCo(C,H,N,)iJBr + HBr^ (Br,Co(C,H|Nt)i)Br + HCl

A. Weroer, L. Gert), 8. Lorie aad J. Rapiport, Aaa., 86$, 121 (1912) tO

[CoCO^entlBr
HBr in-S62

Finely powdered carbonatodiethylenediamine cobaltic bromide is

added to a colorless, fuming solution of hydrobromic acid and the
mixture heated on the water bath until no more carbon dioxide is

evolved. The blue violet reaction product is removed by filtration,

washed free from acid with alcohol and pressed on a porous plate.
The residue is added to ice cold water and the cis dibromodiethylene-
diamine cobaltic bromide remains os a residue.

(COjCo(CjH|N*)i]Br + 2HBr
IBrtCo(CiH|Ni),lBr H- H,0 COi

A. W«rner, L. Cerb, S. Lori« snd J. lUpiport, Ann., 36$, 114 (1912) £0

[CoCOjentIBr

5 Grams of carbonato diethylenediamine cobaltic bromide are added
to 20 cc of concentrated hydrobromic acid and the solution heated on
the water bath with stirring until solution Is complete and a green
color IS assumed by the solution. Upon cooling, the acid bromide
palpitates. This is converted to the neutral bromide by heating
the dry salt to 110®C until a portion dissolved in water does not react
^id to Utmus. 5 grams of the carbonato salt yield 5.7 grams of trans
oibromodiethylenediamine cobaltic bromide.

(a) [CO,Co(CiH*N,)s]Br + 3HBr
^ (BrtCo(C,H,Nt)i)Br HBr + H*0 + CO*

(b) [Br,Co(C:H,N0*]Br- HBr^ lBr,Co(C*H*N,)i]Br HBr
A. WenjCT, L. Gerb, S. Lorie aod J. Rapipori, Ann., 666. ill (1912)
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(CoCINCSentlBr
HCIO4 ni-3d4

A solution of trans chloroiBOthiocyanatodiethylenediamine cobaltic

bromide is treated with perchloric acid and violet crystals of trans
chloroisotbiocyanatodietbylenediamine cobaltic perchlorate precipi-
tate. These may be recrystallised from hot water.

[ClNC«CofC,H4N,),]Br + HCIO4
-4

1C1NCSCo(C,H,N,),
1C104 + HBr

A. W«riier and R. Schmidt, Aba., SSS, 136 (1912) go

HRO,

NaBr

EOH
10 Grams of carbonatodiethylenediamine cobaltic bromide are mixed
with 18 ce of cold water and 5 cc of concentrated nitric acid added.
Carbon dioxide is evolved and the solution becomes yellowish red in

color. This solution is neutralised with potassium hydroxide solution

(1-5) and 6 cc excess added. 23 grams of solid sodium bromide are

added and, in a short time, crystals of cis hydroxoaquodiethylene-
diamine cobaltic bromide deposit.

(a) [CO,Co(C,H|N,),]Br + 3HNOi
-^l{NO,),Co(C,H|N,),lNO* + H,0 + COt + HBr

(b) [(NO,),Co(C,H,N0»]NO, + 2NaBr + KOH + H,0
(OH(H,0)Co(CiH|Nt)JBri + 2NaNOt + KNOi

A. Werner and K. l^nge, Add., S86, 90 (1912) $0

ICoCOienilBr

in-366

lCoBrOHen,]Br
H,0 ni-366

Cis hydroxoaquodiethylenediamine cobaltic bromide is shaken with
a little water and the solution warmed. Red crystals of cis hydroxo-

aquodiethylenediamine cobaltic bromide deposit.

(BrOHCo{C,H|N,)JBr + H,0 ^ lH,OOHCo(C,H4N*),lBr,

A. Werner and R. Schmidt, Ann., 9S6, 131 (1912) gO
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(CoBrNCSeDjBr

H,Oi in-367

3.5 Grams of trans bromoisotbiocyanatodiethyleaediamioe cobaltic

bromide are added to 10 cc of water, 1.5 cc of acetic acid, together with

5 cc of 30% hydrogen peroxide, are added and the solution warmed to

50-55*C and held there for 30 minutes. Solution is cooled and
allowed to stand at room temperature for 5 hours. An equal volume
of water and 5 graiDS of solid sodium ditbionate are added. The
solution is stirred untU all solid material has dissolved. Bluish rose

red crystals of trans bromoamminodiethylenediamino cobaltic dithio-

nate precipitate as prism-like crystals. These are recrysUlUzed by
dissolving 1 gram in 30 cc water slightly acidified with acetic acid by
beating. As the solution cools, fine bluish rose crystals of the com-
pound deposit. These are washed twice with cold water and dried

over calcium chloride.

(a) [BrNCSCo(C|H*NOt]Br + 20t + 2H,0|
-[BrNH,Co(CtH|Ni),lBr-HS04 + CO*

(b) IBrNH,Co(CiH,N,),lBr'HSO, + NatSiO*
— |BrNH,Co(C,II,N,),)S,0, + NaBr + NaHSOi

A. Werner and W. Bote, Ann., $55, 182 (1912) SO

[CoBrtentlBr
^ 111-368

Cis dibromodiethylenediamine cobaltic bromide is dissolved in water
to form a dilute solution and solid pNjtassium iodide is added until

crystals begin to form. Cis dibromodiethylenediamine cobaltic
iodide deposits.

[Br,Co(C*HeN,),IBr + KI (Br,Co(C|H|N,),lI KBr
A. Werner, L. Cerb, S, I^rie and J. Rapiport, Ann,, $68, 115 (1912) gO

(CoBr»ent]Br

ni-369
An aqueous solution of cis dibromodiethylenediamine cobaltic bro-
mide is treated ivith solid potassium thiocyanate and a difficulty
soluble precipitate forms. It is dissolved in cold water and solid
potassium thiocyanate is added. Gray violet crystals of cis dibromo-
diethylenediamine cobaltic thiocyanate form with one HjO.

[Br,Co(C,H4Ne),]Br -h KSCN -4 [BriCo(CeH,N,)t]SCN -h KBr
A. Werner, L. Gerb, S. Lorie and Rapiport, Ann., $86, 116 (1912) $0



104 ENCYCLOPEDIA OF CHEMICAL REACTIONS

[CoBryentIBr

ni-370ESCN

BClOi

2 Grams of trans dibromodiethyleDediamlDe cobaltic bromide are
added, in small portions, to 5 cc of water slightly warmed. The
solution is stirred until all solid matter is dissolved then a solution of
0.46 grams of potassium thiocyanate in 2 cc of water is added and the
solution heated. The precipitate which forms is a mixture of trans
and eis bromoisothiocyanatodiethylenediamine cobaltic bromides.
To prevent the formation of aquoUothiocyanato salts one must work
quickly and be careful to heat the solution only until it is a blue violet
color. The solution is cooled quickly, fUtered and allowed to stand
several hours. The mixture of trans and cis salts is triturated with
perchloric acid and allowed to stand several hours then an excess of
alcohol added. The precipitate is removed by filtration and washed
with alcohol and ether. This residue is then treated with a small
volume of water which dissolves the cis salt and forms a deep red
colored solution. The less soluble trans salt remains as a re«due.

(a) [Br,Co(C,H|NO*]Br + KSCN
(BrNCSCo(C,H|N,),]Br + KBr

(b) [BrNCSCo(CtH|N,),]Br + HCIO*
[BrNCSCo(C|H,N*),)CI04 + HBr

A. Warner and R. Schmidt, Aon., $66, 146 (1912)

[CoClBreni)Br
NH4NO 3 III-371

Cis chlorobromodietbylenediamine cobaltic bromide is dissolved in
cold water, quickly filtered and ammonium nitrate added- Small
dark violet crystals of cis chlorobromodietbylenediamine cobaltic

nitrate deposit. They are washed with alcohol and ether.

[ClBrCo(CtH,N,),lBr + NH 4NO»
[ClBrCo(C,H|N,),]NOi + NH^Br

A. Werner, L. Gerb, S. Lorie and J. Rapiport, Ann., SS6, 120 (1912) go
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[CoBrtexkiJBr

NH4OH ni-372

Tran$ dibromodiethylenediAmino cobaltic bromide is covered with
wAter, cooled in an ice bath and ammonium hydroxide ( 1 : 1 ) added
dropwise with consunt stirring until the color changes from green to
dark violet. Cis bromoamroinodiethylenediamine cobaltic bromide
is formed. It may be precipitated from solution by the addition of
hydrobromic acid and is obtained as dark brownish red needles. The
reaction must be carried out at low temperatures otherwise both
bromine atoms are replaced by ammonia and the diammono com-
pound is formed.

[Br,Co(C*H|N,)t|Br -h NH4OH (BrNH,Co(C,H*N,),]Bri + HjO
A. Werner ud W. Boee, Ann., $86, 178 (1613)

NaNOs
(CoBrjenilBr

111-373

A cold saturated aqueous solution of cis dibromodiethylenediamine
cobaltic bromide is treated with solid sodium nitrate. The precipitate
which forms is crystallised from cold water by the addition of solid
sodium nitrate and small gray violet crystals of cis dibromodiethylene-
diamine cobaltic nitrate are obtained.

[BrsCo(C,H,N,),]Br + NaNO, (Br,Co{C,H,N,),)NO, + NaBr
A. Werner, L. Gerb, S. Lorie and J. Repiport, Ann., 388, 116 (1912)

|CoBrNCSen,lBr
NaiS)0$

in-374
Cis bromoisothiocyanatodiethylenediamine cobaltic bromide is dis-
solyed in the smallest possible volume of warm water and filtered.
Solid sodium dithionate is added and the solution stirred to dissolve
It. The Mlution is cooled quickly and the difficultly soluble cis
bromoisothiocyanatodiethylenediamine cobaltic dithionate precipi-
tates M brownish red oo'stals. A similar reaction occurs with the
trans-form yielding violet blue leafy crystals.

2[BrNCSCo(C,H.N,).|Br + Na,S,0.

^ [BrKCSCo(C.H.N-.).|. S.O. + 2NaBr
A. Werner and R. Schmidt, Ann., 366, 1$3 (1613)



106 ENCYCLOPEDIA OF CHEMICAL REACTIONS

(CoBrtentlBr
NftiSjOa in-376

Solid sodiiuo ditbioDate is added to a cold saturated aqueous solution

of ois dibromodiethylenediamine cobaltic bromide and a precipitate

of cis dibromodiethylenediamine cobaltic dithionate forms. It is

purified by crystallising from water. The color of this salt is a lighter

violet than other salts of this series.

2[Br,Co(CiH,N:)i]Br + Na,S,0#

[BriCo(CiH,N»)tl,8,0# + 2NaBr

A. Werntf, L. G«rb, 8. Lorie and J. Rapiport, Ana.^ SSS. 117 (1912) tO

[CoCIBrenslBr

NasSiOt ni'dre

Cis chlorobromodietbylenediamine cobaltic bromide is dissolved in

cold water, filtered quickly and solid sodium dithionate added. Cis

chlorobromodiethylenediamioe cobaltic dithionate deposits as small

violet crystals which are only slightly soluble in water.

2(ClBrCo(C,HtN,),]Br + Na^,0*
(CIBrCo(CtH,N*)*liSiOi + 2NaBr

A. Werner, L. Gcrb, 8. Lorie and J. Rapiport, Ann., SS6, 120 (1912) SO

(CoaNC^JBr
in-377

A concentrated aqueous solution of trans chloroisothiocyanatCK

diethylenediamine cobaltic bromide is treated with solid sodium

dithionate and the soluton stirred until all of the solid dissolves.

Difficultly soluble blue violet crystals of trans chloroisothiocyanato-

diethylenediamine cobaltic dithionate deposit.

2[ClNCSCo(C|H.N,)e]Br + Na,S»Oi

[ClNCSCo(CiH,N,)J^eOi + 2NaBr

A. Wemcr and R. Schmidt, Ann., $69, 135 (1912) SO
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|Co(NH,),CI,en]Br

107

NajSsOt in-d78

CiS dichloroethylenediamino diammono cobaltic bromide is dissolved

in cold water and solid sodium dithionate added. Violet cis dichloro-
ethylcnediamiDodiaromino cobaltic dithionate precipiUtes. It is

filtered off and dried on a porous plate. This precipitate is impure so
it is mixed with amrooniura chloride and triturated to convert the
salt to the chloride. This is then made into a thick paste by the
addition of water and the suspension filtered. Cis salt is soluble and
is in the filtrate from this suspension. Solid sodium dithionate is

added to the filtrate and the dithionate is deposited.

2[CI*Co{CiHtNj)(NHi)i]Br + Na^StOi

lCl,Co(C,H,N,){NH,)dtS,Oi + 2NaBr
A. Werner and P. Cbauuy, Ann., 386. 263 (1912) go

(CoCOjentlBr
S0»(CH8C00H),

AgCl

KI

ni-379

Carbonatodicthylenediarnine cobaltic bromide solution reacts with
sulfonyl diacetic acid to precipitate a complex bromide. This bro-
nude js converted to the chloride by treatment with silver chloride
and to the iodide by treatment with potassium iodide,

(a) [CO,Co{NH,C,H.NH,),IBr + SO,(CH,COOH), + HjO^ [Sp«(CH,COO),Co(NH,C«H.NHt)>lBr 2H,0 + (COi)
(b) lSO.(CH,COO),Co(NH,C,H.NH,).]Br-2H,0 + AgCl

[SO.(CH,COO).Co(NH,C,H.NH,),)Cl H.O + (AgBr + H,0)
(c) tSO,(CH,COO),Co(NH.C,H.NH,).]Br 2H,0 + KI^ (SO,(CH.COO),Co(NH,C,H.NH,),)I + (KBr + 2HjO)

Soc. (London), 107, 1373 (1815)
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{CoErtentjEr
^ in-380

An aqueous solution of 5 grams of trans dibromodiethylenediamme
cobaltic bromide is evaporated to dryness on the water bath and the
color changes to dark red and finally to a dark violet color. This is

taken up in a little water and allowed to crystallize. Dark leafy

crystals of the cis form of the compound form.

trans lBriCo(C|H,N,)t)Br cis !Br,Co(CtH,Ni)i)Br

A. Werner, L, G«rb, S. Lone and J. lUpiport, Ann., 36$, 112 (1912) SO

[CoBrtentlBr

HsO ni-381

A concentrated aqueous solution of trans dibromodicthylenediamino

cobaltic bromide is stirred while being warmed to 40^0. This is con-

tinued until the solution becomes a violet color then it is cooled and
saturated with sodium bromide. A mixture of a violet salt and a
green salt is precipitated. These may be separated by fractional

solution when the violet salt, cis bromoaquodiethylenediamino

cobaltic bromide remains as a residue due to its slight solubility.

[Br,Co(CtHtNi)t]Br + H,0 (BrH,OCo{CtH|N,)tlBr,

A. Werner and R. Schmidt. Ann., 666, 127 (1612) SO

[CoSOi(CH,COO)«eDi|Br 2HtO
AgNOi m-3S2

KCNS
Sulfonyldiacetodiethylenediamine cobaltic bromide is converted to

the nitrate by treating with silver nitrate and to the thiocyanate by
treatment with potassium thiocyanate.

(a) ISO,(CH,COO),Co(NH,C,H4NH,)t]Br«2H,0 + AgNO,
lSOt(CH,CO0)iCo(NH,C*H4NH,),]NOr2H8O H- (AgBr)

(b) (SO,(CH,COO),Co(NH»C*H4NH0t]Br«2H,O + KCNS
[SO,(CH,COO),Co{NH,CiH|NH,)ilCNS + (KBr + 2H,0)

T. S. Price and S. A. Brasier, J. Cbem. Soe. (London), 107, 1375 (1615) 67
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[CoNHjNOjeotJBrt
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AgCl in'363

An aqueous solution of cis nitrito&mminodiethylenediamino cobsltic
bromide saturated at SO'C is triturated with freshly prepared silver
chloride. The solution is filtered and allowed to concentrate over
sulfuric acid. Cis nitritoamminodiethylenediamino cobaltic chlo-
ride crystallises as orange yellow prisms.

(NO,NH,Co(C,H,N,)JBr, -|- 2AgCl

^lNO,NH,Co(C,H,N,),)Cl,-|- 2AgBr

A. Wsraer and W. Boea, Ann., MS, 219 (1912) *0

ICoNHjNOtentIBri
AgNOi ni-S84

A one fourth saturated aqueous solution of cis nitritoamminodiethyl-
enediammo cobaltic bromide is treated with an aqueous solution of
silver nitrate until no more precipitate forms. Several drops of acetic
acid 18 added, the solution filtered and allowed to concentrate at
ordinary temperature. Yellowish brown crysUls of cis nitrito-
amminodiethyienediamino cobaltic nitrate deposit.

[NO,NH,Co(C,H,N,),]Br, + 2AgN0,
-* [NO»NH,Co(C,H,N,),](NO,), + 2AgBr

A. Werner and W. Boea, Ann., 386. 220 (1812) ^

(CoHjO(OH)6ntlBrt
COt

III-386

KOH

LST' ,‘J«‘‘y'^““q“«i^«Menediamine cobaltic bromide are
added to 13.6 cc of normal potassium hydroxide and the mixturewarmed until solution is complete. The solution is cooled and carbon

tat«l* 'T ^ ^ crystalline mass precipi-

V®
from water conUining potLium

((HiO)OHCo(CiH|Nj)j]Brt + COj + KOH
(COaCo(CjH|N,),)Br + 2HaO + KBr

A. Werner aad R. Boashard, Ann., 386, 101 (1912)
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[CoHiOClezis]Br>

HBr ni-38e

2 Grams of cis chlorodiethylenediamlDO cobaltic bromide are added to

2 cc of concentrated hydrobromic acid and heated until solution is

complete. The green solution is cooled quickly and allowed to

stand. A mass of crystals soon deposits. This is a mixture of the

green trans and cis chlorobromodiethylenediamine cobaltic bromides.

The precipitate is filtered of!, wash^ with alcohol and ether then
dried. The dry mixture is extracted with small portions of water and
the green trans salt dissolves. The cis salt may be recovered from the

residual solution. This violet cis salt is washed with alcohol and
dried.

[Cl(H,0)Co(CtHiNt)JBr* (CIBrCo(C,H|Nt),]Br + H,0

A. Werner, L. Gerb, 8. Lorie end J, Rapiport, Ann., 3SS, IIS (1912) $0

[CoHtO(OH)ene]Br,

HBr 111-367

16 grams of hydroxoaquodietbylenediamine cobaltic bromide are

triturated with concentrated hydrobromic acid, the residue pressed

on a porous plate and washed with alcohol and ether. The residue is

dissolved in 35 cc of water with the aid of a few drops of hydrobromic

acid, cooled to 0^0 and saturated with hydrobromic acid. Cis

diaquodiethylenediamine cobaltic bromide crystallises as brown red

crystals.

|(H,0)OHCo(CiHeNi)*lBri + HBr ((HiO)*Co{CiHtN»)i!Bri

A. Werner and K. Uoge, Aao., 366, 90 (1912) SO

[CoH»0(OH)enJBri
HBr 1II-386

Cis hydroxoaquodiethylenediamine cobaltic bromide is triturated

with concentrated hydrobromic acid and cis diaquodiethylenediamine

cobaltic bromide is formed.

[(H,0)OHCo{CtH,Nt)e]Br, + HBr ((H,0),Co(C*H,N,)*]Br,

A. Werner and R. Schmidt, Ann., 386, 131 (1912) SO
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[CoNH^BreiitlBr}
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HCIO^ ni-389

1 Gram of trans bromoamminodiethylenediamino cobaltic bromide is
dissolved ID a small volume of water and a few drops of perchloric acid
added. CrystaU begin to form in a short time and the solution is
allowed to stand for 1 hour. The residue is recrystallized from warm
wBter and violet needles of trans bromoamminodlethylenediainino
cobaltic perchlorate deposit.

[BrNHjCo(C,H,N,),lBr, + 2HCIO,
^ (BrNH,Co(C,HJ^,),](C104)» + 2HBr

A. Werner and W. Bo«, Ann., S6S, (1912) ^

[CoNHjBreoiJBrj

in-3»o
Finely pulverized cis bromoamminodiethylenediamino cobaltic bro-
mide IS suspended in water and concentrated nitric acid added, with
stirring until a thick crystalline mass forms. Two drops of water are
added follow^ by 6-10 drops of nitric acid. This operation is
repeated until half of the residue is dissolved. The solution is
warmed on the water bath until solution is complete then filtered.
The Wtrate » cooled and the residue which precipitates is reerystal-
hzed from water. Dark red violet to black crystals of cis bromo-
amminodiethylenediamino cobaltic nitrate deposit

[BrNH,Co(C|H|N,),)Br* + 2HNO,
^ [BrNH,Co(CtH|N,),)(NOi)t + 2HBr

A, Werner and W, Boee, Ann., 8S6, ISO (1912)

Em.
(CoNHjNOrcnj]Br«

Concentrate nitric acid is added dropwise to a cold saturated^ueous solution of cis mtntoamminodietbylenediamino cobaltic
bromide and a crystalline precipitate forms. This is filtered off dis-

‘0 <=oncentrate slowly

iir-391

[NO,NH4Co(C2H|N,),lBr» + 2HNO,
^IN02NH,Co(CiH*N,),J(NOj)

2 -f- 2HBr
A. W'erner and W. Boes, Ann., 386» 220 (1912)
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ICoNH,NO,enilBr*
H2SO 4 in*392

A saturated aqueous solution of cis nitritoamminodiethylenediatoino

cobaltic bromide is treated with an equal volume of concentrated

sulfuric acid. The solution is allowed to stand 1 hour then alcohol

and ether added until a voluminous precipitate forms. This is

removed by suction filtration, dissolved in water and the solution

allowed to concentrate alowly. Long bright yellow prismatic needles

of cis nitritoamminodiethylenediamino cobaltic sulphate are

deposited.

[NO,NH,Co(C,H|N,),)Br, + HtSO*
(NOtNH,Co(CtH,N,),lS04 + 2HBr

A. Werner end W. Boes, Aaa.i 38^, 232 (1012) gO

(CoHiO(OH)eo«lBr«
K1 m-S93

2 Grams of trans bydroxoaquodiethylenediaroine cobaltic bromide

are dissolved in 50 cc of water and 10 grams of solid potassium iodide

added. Reddish brown monoclinic crystals of trans hydroxoaquo-

diethylenediamine cobaltic iodide deposit.

[(H,0)OHCo(CfH|N,),lBr, + 2KI
-t(H,0)OHCo(CtHiNi)f]Ii + 2KBr

A. Werner and K. Unge, Ann., SSS. 97 (1912) $0

{CoNH,NOten,]Br,

KI in-d94

A solution of cis nitritoamminodiethylenediamino cobaltic bromide,

saturated at room temperature, is treated with solid potassium iodide

until DO more dissolves. Cis nitritoamminodiethylenediamino

cobaltic iodide precipitates almost quantitatively in small yellow

needles. These are filtered off, sucked dry, dissolved in water at 25^0

and alcohol added to recrystallise.

[NO,NH,Co(C,HaN,)i)Br, + 2KI
INOtNH,Co(C,H|N,)t]I« + 2KBr

A. Wemer and W. Boes, Ann., 338, 219 (1912) go
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[CoHiONCSeOiJBrt
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KSC5 ni-396

A concentrated aqueous solution of trans aquoisothiocyanatodi-
ethylenediamine cobaltic bromide is treated with solid potassium
thiocyanate and a violet precipitate forms. It is recrystallised from
a concentrated aqueous solution by the addiUon of potassium thio-
cyanate and trans aquoisothiocyanatodiethylenediamine cobaltic
thiocyanate dep<»its. The crystals have one H,0. Heating the
compound at lOO'C transforms it into diisothiocyanatodiethylene-
di&mine cobaltic thiocyanate.

(a) lH,ONCSCo(C,H,N,),)Br, + 2KSCN
— [HiONCSCo(C,H,N,),]{SCN), + 2KBr

(b) [HK)NCSCo(C»H.N,),){SCN),

-^((NCS),Co(C.H,N,),I(SCN) + H.O
A. W«rn«r and R, Schmidt, Ajjd., S66, 160 (1912)

[CoHiO(OH)enjlBrj

111-396
An aqueous solution of trans hydroxoaquodiethylenediamine cobaltic
bromide is trea^ with soUd potassium thiocyanate and brown
hydroxoaquodiethylenediamine cobaltic thiocyanate, the trans form
precipitates. '

((H,0)OHCo(CiH^,),]Br, + 2KSCN
^[(HiO)OHCo(CtH<Ni)»](SCN)t + 2KBr

A. Werner and K. Lange, Ann., 386, 98 (1912)

EtPtCI
[CoNHiBrenJBrt

.
ni-397

A concentrated aqueous solution of potassium chloroplatinite is added^a Ration of CIS bromoamminodiethylenediamin^
reddish brown ustrous crystaU of cis bromoamminodiethTne!

diamino cobaltic chloroplatinite precipitate.

[BrNH,Co(C,H,N,),]Br, -|- K.PtCl,
-> (BrNH,Co(C,H,N,),IPtCl. + 2KBr

A. Werner and W. Boes, Ann., 386. 182 <1912
) ^



114 ENCYCLOPEDIA OF CHEMICAL REACTIONS

[CoHtOClenslBrs
LiHO, ra-398

3 Gratos of oia chloroaquodiethylenediamine cobaltic bromide are dis-

solved in cold water and 7 grams of powdered lithium nitrate added.

The mixture is stirred until solution is complete. After a short time
a reddish brown precipitate forms which is removed by hltration,

dissolved in 30 cc of water and 7 grams of lithium nitrate added. Cis

chloroaquodiethylenediamine cobalUc bromonitrate precipitates.

[Cl(H,0)Co(C,H|N,),)Brt + liNO,
^ (a(H,O)Co(CtHJ^0t]BrNO, + LiBr

A. Wem«r, L. Gerb, 8. Lone and J. lUpiport, Ann., US, 134 (1912) SO

[CoNH,Brent]Brt

L1N0 » m-399

Trans bromoamminodiethylenediamino cobaltic bromide is dissolved

in a small volume of water, filtered, and solid lithium nitrate added to

the filtrate. The solution is allowed to stand a short time and
crystals of trans bromoamminodiethyleDediamino cobaltic nitrate

with one HtO form. These are washed with alcohol and ether then

dried over calcium chlonde. The salt dissolves ea«ly in water.

[BrNH,Co(C,H + 2LiNO,

-»lBrNH|Co(C,HsNt)tl(NOi)»+ 2LiBr

A. Weroer and W. Bom, Ann., m, IS4 (1913) SO

[CoHsOBrentIBre

NH 4OH in-400

5 Grams of bromoaquodiethylenediamine cobaltic bromide is added

to 8 cc of a cold 22% solution of ammonium hydroxide. The blue

bromoaquo bromide dissolves and, in a short time, a brownish violet

precipitate forms w*hich is quickly removed by hltration and washed

with alcohol and ether. The yield of cis hydroxobromodiethylene-

diamine cobaltic bromide is 2.7 grams.

lBrH^Co(C,H|Nt),]Br, + NH,OH
^ [BrOHCo(C,H|N,)slBr + NHiBr + H,0

A. Wemer and R. Schmidt, Ann., 386, 131 (1912) SO
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[CoHtOBreniJBrt
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NalfOi III-401

6 Grams of cis bromoaquodiethylenediamine cobaltic bromide are dis-
solved in 40 cc of cold water, the solution filtered and 17 grams of
soUd sodium nitrite added to the filtrate. Cis bromoaquodiethylene-
diamine cobaitic nitnte deposits as a blue violet crystalline powder
This is removed by filtration, dissolved in 16 cc of cold water and
8 grams of solid sodium nitrite added. The ciystaU which are
deposited are washed mth alcohol and water then dried over calcium
chloride.

[Br(H|0)Co(C|H,N,),lBr, + 2NaNOt
^ (Br(H,0)Co(C,H.N,),)(NO.), -|- 2MaBr

A. WttMT aod R. Scbmidt, Ann., 886, 120 (19i2)

(CoHsOBreiit)Brt

111-402

Cis aquo bromodiethylenediamine cobaltic bromide is dissolved in the
minimum volume of water, filtered and solid sodium nitrate added
until it 18 m excess. The mass is triturated and allowed to stand
one hour Violet cis bromoaquodiethylenediamine cobaitic nitrate
forms. It IS sucked dry and crysUllised from water by the addition
of sodium nitrate. Blue violet crystals with one H,0 are obtained.

(Br(H,0)Co(CjHjN8),JBri + 2XaNOj
IBr(HtO)Co(C,H,N,),](NOi), + 2NaBr

A. Wem« and R. Schmidt, Ann., 886, 129 (1912)

[CoNHjBrentjBri
NajSsOi

^
IU-403

bromoamminodiethylenediamino
cobaltic bromide is treated with considerable excess of a concentrated
aqueous solution of sodium dithionate and ois bromoamminodiethyl-
eneiammo coba tic dithionate precipitates as a difficultly soluble red
violet fine crystalline powder. It is washed with alcohol and ether.

IBrNH,Co(C,H,N,),JBr, -|- Na^,0.
^ (BrNH,Co(C,H.N,)tlS,0. + 2NaBr

A. Werner and W. Boes, Ann., 388, 181 (1912)
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[CoNHjNO*eiii]Bn
NasS«0« in*404

A half saturated aqueous solution of sodium dithionate U added to a
saturated aqueous solution of cis nitritoammonodiethylenediamino
cob^tic bromide and cis nitritoammonodiethylenediamino cobaltic
dithionate precipitates as a yellow powder.

(NO,NH,Co(C|H|N,),lBri + Na,S,0,
— (NOtNHiCo(CtH»Nt)j]StO« + 2NaBr

A. Werner and W. Boes, Aaa., 3S6, 220 (1012) fo

[CoHtO(OH)enjlBrt
KajSsO.

Ijl_,(,g

5 Grams of solid sodium dithionate are added toasolution of 2 gramsof
trans hydroxoaquodiethylenediamine cobaltic bromide. Bright red
trans hydroxoaquodiethylenediamine cobaltic dithionate precipitates.
The salt is very soluble in water but insoluble in alcohol and ether.

[(HtO>OHCo(CiHiNj)iIBrj + NsjSiOt
-» [(H,0)OHCo(CiH.N,).l(S,0.) + 2NaBr

A. Werner and K. Lange. Ann., SM. 98 (1912) m

[CoHtOClens]Bre

ni-406

ChloroaquodiethyleDediamine cobaltic bromide is heated for two
hours in an air oven at 110*C. A mixture of the cis and trans
cblorobromodiethylenediamine cobaltic bromides is formed. These
may be separated by extracting the mixture with very small volumes
of water. The dark green trans salt is soluble but the violet cis form
is not so soluble. The green trans chlorobromodiethylenediamine
cobaltic bromide may be precipitated from its aqueous solution as the
nitrate by the addition of ammonium nitrate.

lCl(H,0)Co(C,H|N,),]Br,-^ [CIBrCo(C,H|N,),]Br + H,0

A. W€rD«r, L. Gerb, 8. Lorie sad J. lUpiport, Ann., S86, 118 (1912) £0
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[CoH,OClen,lBr,

m-407

CblctroaquodiethylenediamiDe cob&ltic bromide is heated to constant

weight at IlO^C, and the residue treated with concentrated hydro*

bromic acid. The reaction product is extracted with small portions

of water until the green trans salt is removed. The residue is a gray

violet crystalline compound which is dissolved in water and solid

ammonium bromide added until precipitation begins. Cis chlorO'

bromodlethylenediamine cobaltic bromide is formed.

(Cl(H,0)Co(C,H,N,),|Br, [ClBrCoCCtH.NOilBr + H,0

A. Werner, L. Gerb, S. Lorie and J. Rapiport. Ann., 366, 130 (1912) iO

[CoH,OCIent|Br«

A 111-408

NHiSCN

Chloroaquodiethylenediaroine cobaltic bromide is heated to constant

weight at IIO’C, extracted with cold water and then treated with a
solution of ammonium thiocyanate. Bright green crystals of trans

chlorobromodiethylenediamine cobaltic thiocyanate precipitate.

(a) [CI(H,0)Co(CtH,N,),)Bri ^ (CIBrCotCiHeN,),]Br + HjO
(b) [ClBrCo(CiH|N,),)Br + NH^SCN

(CIBrCo{C,H.N,),lSCN + NHiBr
A- Weraer, L. G«rb, 8. Lorie and J. Rapiport, Ann., 364, 119 (1912) go

[CoHrOCleDsjBrt
A

Na,S:05

ni-409

Chloroaquodiethylenediamine cobaltic bromide is heated to constant
weight at llO^C, dissolved in cold water, filtered and treated with a
solution of sodium dithionate. Trans chlorobromodiethylenediamine
cobaltic dithionate is precipitated as small green crystals.

(a) [Cl(H,0)Co(C,H|N,),|Br, [ClBrCo(C,H8N,),]Br + H,0
(b) 2(ClBrCo(C,HjN,),IBr + Na,S*0*

(ClBrCo(CiH«N,),I^,Oe + 2NaBr
A. Wemer, L. Gerb, S. Urie and J. Rapiport, Ann., 386, 119 (1912)
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|Co(HiO)«ent]Bri
AgNO,

IH-ilO
3 Grains of trans diaquodiethylenediamine cobaltic bromide are
dissolved in the smallest volume of water possible at 25-30'*C and an
aqueous solution of silver nitrate added. The solution is filtered and
the filtrate cooled in an ice bath. Brownish red crystals of trans
dlaquodiethylenediamine cobaltic nitrate depo«t.

[(HtO),Co(C,H,N,)ilBr, + 3AgNO»
^ f(H*O)tCo{C,H|Nt)»I(NO0i + 3AgBr

A. Werner and K. Lange, Ann., $66, 91 (1912) to

[Co(H,0),en,]Bn
AgsS04 IH-411

5 Grams of cis diaquodiethylencdiamine cobaltic bromide are dis-
solved in water and treated with the calculated amount of silver
sulphate. The solution is filtered and alcohol added to the filtrate

until a permanent turbidity reaulu. In from 1-2 days, red needles
of cis diaquodiethylenediamine cobaltic sulfate deposit.

2[{H»0),Co(C,H»N,),lBr, + 3Ag,SO*
“* [(HtO)tCo(CiHtNj)t]j(S04)i + 6AgBr

A. Werner and K. Lange, Ann., $$$, 89 (1912) go

[CoNH,HtOens]Br,

c™**) m-412
A

2 Grams of trans aquoamminodiethylenediamino cobaltic bromide are
dissolved in concentrated hydrobromic acid and the solution con-
centrated on the water bath. After a short time yellow crystals form.
These are removed by filtration and the filtrate allowed to crystallize.

Large dark reddish violet prismatic crystals of trans bromoammino-
dietbylenediamino cobaltic bromide with one H^O deposit.

[H,ONH4Co(C,HJ^0»)Brt [BrNH,Co(CtH,N,),lBr, + HjO

A. Werner and W. Boee, Ann., 866, 184 (1912) go
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[Co(HsO)teat)Bri

HNOi ni-413

5 Grams of cis diaquodietbylenediamiDO cobaltic bromide are dis-

solved In a small volume of vvater> the solution cooled in an ice bath
and concentrated nitric acid added, Cis diaquodiethylenediamino
cobaltic nitrate deposits and is recrystallised from water at 30^C
slightly acidified with nitric acid. The compound is obtained as red
crystals.

((H,0),Co{C,H|N,),lBr, + 3HNO,
((H,0),Co(C,H,N,),l{NO,), + 3HBr

A. Werner and K. Laoge, Ana., 366. 88 (19U)

[Co(H|0) sent]Bri

III-414

5 Grams of trans diaquodiethylenediamino cobaltic bromide are dis-
solved in the smallest volume of waUr possible and the solution
cooled in an ice bath. Concentrated nitric acid is added until
crystals begin to form. The solution is left in the ice bath for 30
minutes, the crystals removed and recrysUllised from water acidified
with nitric acid. Brownish red needles of trans diaquodiethylene-
Qiamino cobaltic nitrate are deposited.

[(H,0)iCo(CiH|Ni),|Br, + 3HNOt
^ ((H,0),Co(CtH*N,)t)(NO,), + 3HBr

A. Werner aod K. Unge^ Ann., $86, 91 (1912) «

HHOi
[Co(NH,)H,OeD,]Br,

in-415
Concentrated nitric acid is added dropwise to a cooled saturated
s^ueous solution of trans aquoamminodiethylencdiamino cobaltic
bromide while stirring. A red crystalline precipitate forms. Addi-
tion of nitnc acid is continued until about one third of the original
volume of the solution has been added. Let the solution stand one
hour Md then cool in an ice^lt bath. Fieiy red lustrous prismatic
crystals of trans aquoamminodiethylencdiamino cobaltic nitrate

[HjONH,Co{CiHeN,)j]Brj + 3HNO,
^ (H,ONHjCo(CiH»N,),1(NO,)j

-h 3HBr
A. Werner and W. Boes, Ann., 386, 190 (1912)
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[Co(NH,)H,OenJBr,
HiPtCU 111-416

A few drops of acetic acid are added to a cooled saturated aqueous
solution of trans aquoamminodiethyleDediaminc cobaltic bromide,
then a solution of chloroplatinic acid is added. Trans aquoammino-
diethylenediamino cobaltic chloroplatinate deposits as dark brownish
red crystals which are soluble in water.

2[H,ONH|Co{CiHaN,)t]Br, + 3H*PtCl,
^ [HjONHjCo(CtHtNt)*]t(PtCli)> + 6HBr

A- Werner and W. Boes, Ann., )$9, 101 (1012) m

|Co(HtO)teDt]Bri
H«S04 III-417

4 Grams of trans diaquodietbylenediainiDO cobaltic bromide are dis*

solved in a small volume of water and the solution cooled. Concen*
trated sulfuric acid is added slowly so that the temperature does not
rise above 30*C. Alcohol is added to the solution and trans diaquo-
diethylenediamino cobaltic sulfate is obtained as a brownish red
precipitate.

21{HsO)4Co(C?H|Nj)f)Bri + SHtSOi
-> l(HiO),Co(CtH,Ni)4]t(SQ4)j + OHBr

A. Werner and K. Lange, Ann., $84, 62 (1912) go

[CoNHiHsOeotlB ri

111^18

Solid potassium iodide is added to a saturated aqueous solution of

trans aquoamminodiethylenediamino cobaltic bromide until the

solution is saturated. The reddish brown precipitate which forms is

recrystallised from water by adding alcohol and concentrating

quickly in vacuuo. This is done to prevent formation of the per-

iodide. Trans aquoamminodiethylenediamino cobaltic iodide is

obtained as brown, red, flat prismatic crystals with one HjO. The
salt is soluble in water.

[H*ONH,Co(CiH,Ni),jBr, + 3KI

lH,ONH,Co(CtHaN,)4]Ii + 3KBr

A. Werner and W. Boes, Ann., $84. 190 (1912) go
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(Co(HiO)tentlBrj

KSCff IIM19

The calculate amouot of solid potassium thiocyanate is added to a

concentrated aqueous solution of 5 grams of trans diaquodiethylene-

diamino cobaltic bromide and the solution triturated. The solution

is cooled in an ice bath and dark brown crystals of trans diaquo-

diethylenediamino cobaltic thiocyanate with one half HsO deposit.

[(H,0),Co(C,H,N»),]Br, + 3K8CN
^ ((H,0),Co(C*H|N,)J(SCN), + 3KBr

A. Werner md K. Lange, Ann., 389, 93 (1913) $Q

(Co(NH,)H,Oen,lBr,
KjPtCl,

III-420

An aqueous solution of trans aquoamminodietKylenediamino cobaltic
bromide is treated with a solution of potassium chloroplatinite
and small bright brown crystals of trans aquoamminodiethylenedi-
amino cobaltic chloroplatinite with two H,0 deposit.

2(HsONH3Co(CiH,N,),|Brj + SKjPtCl,

- [H,ONH,Co(C,H,N,).l,(PtCl4), + 6KBr
A. Werner sod W. Boes, Ann,, 3«6, 191 (1912) «0

[CoenilBrs
K,(Cr(C,04),)

A dilute aqueous solution of triethylenediamino cobaltic bromide is
added to one of chromium potassium oxalate and a brown crystalline
prMipitate of tnethylenediarainocobaltietrioxalatochromate with six
riiO 18 formed.

(Co(CeH,(NH,)j)j]Br, + (CrfCiOO.jK,
-* [Co(C,H,(NH,),),] (Cr{C,0,),] + 3KBr

HI
P. Pfeiffer, Ann., 346, 34 (1906)
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tCoNHjHjOenJBr,
NaNO, m-422

A solution of cis aquoamminodiethylenediamino cobaltic bromide,
saturated at 25*C, is treated with an excess of a saturated aqueous
solution of sodium xkitrite, a few drops of acetic acid added and the
solution warmed to 40®C. Ammonia is evolved if the solution is
heated too hot. The color of the solution changes from cherry red to
orange yellow. The solution is cooled and allowed to stand 24 hours
when an orange yellow precipitate forms. It is dissolved in water,
warmed to 35*C and potas^um bromide added. As the solution
cools, cia nitritoammin^iethylenediamino cobaltic bromide deposits
in almost pure form. It may be recrystallised from warm water and
is obtained as large dark yellow tableU.

[H,ONH,Co(C,H,N,),lBr, + NaNOt
— (NO|NH|Co(C,H»Nt),lBrt + NaBr + HsO

A. Werner and W. Boes, Ann., SSS, 218 (1912)

NasSsOi
[Co(KtO)ieDt]Br«

nM23
4 Grams of trans diaquodiethylenedlamino cobaltic bromide are dis-
solved in a small volume of water and treated with the calculated
amount of sodium dithionate in solution. The solution is cooled in an
ice bath and ethyl alcohol added. The precipitated trans diaquo-
diethylenedlamino cobaltic dithionate is recrystallised from water by
the addition of alcohol. The compound is obtained as brownish red
needles.

2((HtO)«Co(CiH|Nt)t]Bri -f- 3NaiS|Oi

[(H»0)tCo(C*H|Ni)i]j(S*0*)a -f- 6NaBr
A. W«roer sod K. Luge, Ann., 986, 92 (1912)

A
[Co(HiO)tens|Bri

III-424

5 Grams of cis diaquodiethylenedlamino cobaltic bromide are shaken
with a small volume of water so that not all of the salt dissolves. The
solution is heated on the water bath to 40®C. When all of the salt

dissolves, the color of the solution changes from red to violet. The
solution is now cooled and solid sodium bromide added to saturation.
Cis bromoaquodjethylenediamioo cobaltic bromide is precipitated as
a fine violet crystalline mass which may be crystallised from water by
the addition of sodium bromide.

|(H80)»Co{C,H|N,),IBr, + heat ^ (BrH,OCo(C,H|N,)t]Br2 -f- H,0
A. Wemer and R. Schmidt, Ann., 366, 128 (1912}
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KNOi ni-426

An aqueous solution of Enalonatodiethylenediainios cobaltic acid
malonate is treated with solid potassium nitrate and the precipitate
which forms is recrystallized from warm water. Small red lustrous
leaflets of malonatodiethylenediamiDo cobaltic nitrate are obtained.
They are soluble in water.

((C,H,04)Co(C,H,N,),KC,H,04) + KNO,
-KC,H,04)Co(C,HiN,),INO, + CjHjO^K

A. Wemer and J. Rapiport, Aao.^ dS6» 80 (1912) fQ

(CoC»Ht04ent]C|Ht04
NH<SCN

III-426

Malonatodiethylenedlamino cobaltic acid malonate is dissolved in
solution cooled, filtered and solid ammonium thiocyanate

^ded to the filtrate. After a short time a red precipitate forms.
Concentration of the solution and cooling produces red lustrous
leafleU of malonatodiethylenediamiDo cobaltic thiocyanate.

[(C4H,04)Co(CiH|Ni)J(C|H^4) + NH^SCN
-* [(C,H,04)Co(C,H,N,),]SCN + C,Hi04NH4

A. Weroer and J. Rapiport, Ann., S8S. 80 (1912) ^

AgNO
(CoCl^ntlCl

ni-427iii

6 Grams of neutral trans dicblorodiethylenediamino cobaltic chloride
are add^ to 3 cc of water and 2.6 cc of not too concentrated nitric
aci

,
and the mixture shaken. Aconcentratedaqueoussolutionof 7 2

grama of silver nitrate is added and the solution warmed slightly until
all of the green Mit has dissolved, the solution becomes bordeaux red
and silver chloride separates. Solid sodium bromide is now added to
precipitate the excess silver. The solution is now filtered and the
filtrate saturated with solid sodium bromide. A violet crystalline

orJll 1 J***
solution IS allowed to stand one hour and the

diZriX;fomid^" bromoaquodiethylene-

(ft) ICI,Co(CsH,Nj),]Cl + 3AgNO» + HjO

iMn ,xr
[N0,(H,0)Co(C,H,N,).](N0,). + 3AgCI

(b) [NO,(H,0)Co(CjH,N,)J(NO,), + 3NaBr
[Br(H^)Co(CjH,N,),jBr, + 3NaNO,

A. Werner and R. Schmidt, Ann., 886, 128 (1912)
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(CoCOtentJCl
AgNOi 111-428

The calculated quantity ol silver nitrate in solution is added to a hot
solution of 5 grams of carbonatodiethylenediamino cobaltic chloride.
The solution U filtered and concentrated on the water bath. Car-
bonatodietbyleoediatnino cobaltic nitrate crystallizes in dark,
brownish-red Iustrous needles with oneHlO. 1 gram dissolves in 20 c c
of water at 60®C.

[CO,Co(C,HJ4,),|CI + AgNO,-^|CO,Co(C,H,N,),lNO, + (AgCl)

A. Werner and J, Rapiport, Aan., SS6. 75 (1012) pq

(CoClsensICI
CHs(COOH)i III-429

When a cold concentrated solution of dichlorodiethylenediamino
cobaltic chloride is mixed with equimolar proportions of malonic acid,
an addition compound is precipitated.

[Cl,Co(NH,CaH^NH,),]a + 2CHi(COOH), + 2H,0
[Cl,Co(NH,C»HiNHt),10COCHtCOOH CH,(COOH), 2H,0

+ (HCl)

T. 8. Price and 8. A- Brazier, J. Cbem. Soc, (Undon), 107, 1728 {1915) $7

iaiCo(C,HzN,)JCI
C1H7N 1II-430

5.7 Grams of trans dichlorodiethylenediamino cobaltic chloride are
added to 5 cc of a 20% aqueous solution of etbylamine and strongly
heated. Rhombic crystals soon begin to separate. The solution is

allowed to stand in an ice bath for some time, the crystals filtered off

and washed with dilute hydrochloric acid. Deep ruby red crystals of

monochlorodiethyleDediaminoethylamino cobaltic chloride with one
HzO are formed. The yield is 4.5 grams and the compound is easily

soluble in water. Aqueous solutions are stable when boiled.

(a,Co(C,H,N,),]Cl + CiH7N-^ (aCo{C,H,N*),(C,HrN)]CU

J. Meiseoheimer and E. Kinderlen, Ann., 48S, 254 (1924) SO
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[Cl,Co(C,H,N,),|Cl

CaHrN IIM31

'Tnns dichlorodiethyJeoedlamino cobaltic chloride is added to twice

its weight of water and one molecular weight of allylamine added .

The mixture is shaken and the chloro compound soon dissolves while

crystals begin to form. After some time the crysUtlline mass is

filtered and the residue obtained is chlorodiethylenediarainoallyl*

amino cobaltic chloride. The compound is obtained as violet red
rhombic plates.

[Cl,Co(C,H,N,).JCl + C,H,N — [CICo(CtH,N,),(C,H,N)ICl,

J. MeiMahejcD«r and E. Kinderieo, Ana., 436, 348 (1924) SO

[CI,Co(C,H,N,)tICl

IfaOH

29 Grams of trans dichlorodiethylenediamino cobaltic chloride are
added during fifteen minutes to a hot aqueous solution of 9 grams of
ttrcosine (methylaminoacetic acid) and 4 grams of sodium hydroxidem 30 cc of water, Yellow brown prisms begin to deposit from the
deep red colored solution. The solution is cooled and allowed to
stand for SIX hours, then filtered to remove the crystals of the sodium
chloride double salt of triethylenediamlne cobaltic chloride. 40-50
cc of absolute alcohol is added to the filtrate and 14-15 grams of
^rcosine diethylenediamino cobaltic chloride precipitates as straw-be^ red plates. An additional 3-4 grams may be obtained by the
further addition of alcohol. The compound is recrystallised from
an equal weight of water by the addition of alcohol. The compound
crystallines with one and one hal/ H,0.

[CI,Co(C,H,N,),JCI + C,H,O.N + NaOH
-- ((C,H.O,N)Co(C,H.N.),ICl, + H,0 + KaC'I

J. Meiseaheiiner and E. KiDderJen, Ann., 436, 270 (1924)
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[Cl,Co{C,H|N,),]a
CsEiNHs

in-i33
28-6 Grams of acid free trans dichlorodiethylenediamino cobaltic
chlonde are suspended in 40 cc of water and 9.3 gm. of aniline added
The solution is shaken in a shaking machine and the color changes to
a dirty red. After 2-3 hours the first crystals begin to form. Shak-
ing is continued for 24 hours and the crystalline mass removed by
filtration. The crystals are washed with 50% alcohol, 95% alcohol
and finally ether. The yield is 33-35 grams of monochlorodiethylene-
diaminoanilino cobaltic chloride which is obtained as reddish violet
prisms with one HjO. The compound may be recrystallised by
dissolving 5 grams in 18 cc of water at 70®C, filtering and adding 20 cc
of 23% hydrochloric acid at 80-90®C to the residue, combining the
two solutions and allowing to crystallise. The compound is insoluble
in alcohol, fairly soluble in dilute hydrochloric acid and more soluble
in concentrated acid. The odor of aniline can be detected in aqueous
solutions warmed to 70®C and sodium hydroxide solutions decompose
the compound immediately. The compound may be boiled with
hydrochloric acid for a short time without decomposition.

[Cl,Co(C,H|Nj)dCI + C|H*NHt (ClCo(CiH|Nt),(C«H|NHt)ICli

J. MeUe&beimer «od E. Kiaderko, Ann., 438, 242 (1024)

[ClsCo(C)HtN i)|]C1

CtH>N III-434

A suspension of 14.5 grams of acid free trans dichJorodiethylene-
diamino cobaltic chloride in 25 cc of water is shaken with one of
5.5 grams of p-toluidine in ^ cc of alcohol. The chloride goes into
solution and soon chlorodietbyJenediamino*p-toluidino cobaltic
chloride begins to deposit. At the end of one hour the solution has
become a semi-solid mass. Allow to stand overnight, filter and wash
with dilute hydrochloric acid, alcohol and then ether. Yield 18
grams. The compound is purified by dissolving 6 grams in 90 cc of

water at 40^C, the residue dissolved in CO cc of 35% hydrochloric acid
and the solutions combined. The compound crystallizes as brownish
red leaves with one HiO.

[CliCo(CsH|N,),|Cl + CtH^N lClCo(CJI,N*),(C,H>N)]CU

J. MeiseDheimer and £. Kiaderlen, Ana., 430, 246 (1924) go
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in-435

5.7 Grams of trans dichlorodiethyleDedlamino cobaltic chloride

together with 2.2 grams of bensyi amine are added to 13 cc of water

sod shaken. The solution becomes violet red in color and soon a
thick ciysUlline mass separates. The solution is cooled in ice and the

residue removed by filtration. 5 grams of chlorodiethylenediamino-
beniylamino cobaltic chloride are obtained as violet rose colored

needles which contain one H«0. The compound may be recrystal-

lized from hot hydrochloric acid.

[Cl,Co(C,H,N,),ICl -I- C,H»N ^ iaCo(C,H,N,),{C7H,N))Cl,

J. M«LMaheimer ud E. Kioderleo, Aao., 4$0 , 250 (1034) tO

[Co(SCN),en,)Cl

Cli in-436

Chlorine is passed into a cold aqueous solution of dithiocyanodiethyl-
enediamino cobalt monochloride. The solution changes to a fiery red
color and the temperature rises as the reaction proceeds, The solu*
tion is concentrated to one fourth its volume an as it coolly crystals
form. These are dissolved in water, acidified with hydrochloric acid
and absolute alcohol added until turbidity results. Crystals of diam-
roinodiethylenediaminocobalt trichloride with one H|0 separate.
They are bright 3^Uow.

[Co(SCN),(C,H|N,)*]CI -I- 8Clj -h 12H,0
[Co(NH,),(C,H,N,),lCI. + 2H,S04 + 14HCI -f- 2COj

A. Wwaer, F. Braualich and E. Rogowina, Ann., 351, 71 (1907) go

Cl,

HlfOi

lCoNO,NCSen,)CI

nM37

Chlorine gas is passed into an aqueous solution of trans nilroisothio-
cyanatodiethylenediamino cobaltic chloride and the reddish bro\vn
color of the solution changes lo wine red in a few minutes. The solu-
tion becomes warm during the reaction. Nitric acid is added to the
solution and orange red crystals of trans chloronitrodiethylene-
diamino cobaltic nitrate are deposited.

[NOtNCSCo(C,HJ^%),)CI + HNO,
- [CLNO,Co(C,H.N,),JNO, + HSCN

A. Werner and N. Cosliog, Ann., 36$, 246 (1912)



128 ENCYCLOPEDIA OF CHEMICAL REACTIONS

_ [CoCOtenJCI

ni-438

Carbonatodiethylenediamino cobaltic chloride is finely pulverized and
added, in small portions, to 5 grams of very cold concentrated hydro-
bromic acid until the reaction product is gray green in color (not
bright green). Absolute alcohol is added and, after ten minutes, the
material is filtered. The residue is rubbed on a porous plate and then
with a very small volume of ice cold water. A portion of the residue
dissolves to form a dark red soluUon. The residue is removed by
filtration and the extraction continued until the extract is no longer
red but a gray violet color. Solid sodium bromide is added to the red
extract and red crystals of cis dibromodiethylenediamino cobaltic
bromide deposit.

[CO»Co(C,HaN,),lCI + 3HBr
-^lBr,Co(C,HiN,),lBr + HCl + H,0 + CO,

A. W«rtter, L. C«rb, S. Lorie «nd J. lUpiport, Ann,, 836, 114 (1913) go

(CoCO,en,!Cl

ni<43d

CarbonatodiethylenediftmiDO cobaltic chloride is added to concen>
trated bydrobromic acid (sp.gr. 1.4) and the mixture shaken. Carbon
dioxide is evolved and a bluish violet crystalline mass precipitates.

This precipitate is a mixture of the easily soluble violet cis bromo-
aquodiethylenediamioo cobaltic bromide and the difficultly soluble
gray violet cis dibromodiethyleoediamino cobaltic bromide. These
salts are separated by fractional solution as the violet salt (bromo-
aquo salt) is easily soluble and may be dissolved from the less soluble

gray violet dibromo salt. Solid sodium bromide precipitates cis

brorooaquodiethylenediamino cobaltic bromide.

2[CO,Co{C,H,N,),lCl + 6HBr
^ [Br,Co{C,HJS%),)Br + [BrH,OCo{C,H,N,)0Br, + 2CO, + 2HC1

+ H,0

A. Wemer and R. Schmidt, Ann., $64, 137 (1913) $0
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(CoaNCSen,|Cl

HBr 111-440

Cis chloroisothiocyanatodidthyl^DediAmino cobaltic chloride is added

to coDoentrated hydrobromic acid and the mixture triturated. The
mixture is warmed slightly and ^owly» then allowed to cool Dark
red crystals of cis chloroisothiocyanatodiethylenediamino cobaltic

bromide with one and one half HtO deposit.

|ClNCSCo(C,H.N,),]Cl + HBr-* (CINCSCo(C»H,N,)JBr + HCl

A. W«rn«r and R. Schmidt, Ann., 966, U2 (1912) go

HBr
[Co(NH,),Cl,enlCI

III-441

A concentrated aqueous solution of trans dichloroethylenediamino-
diammino cobaltic chloride is treated with hydrobromic acid, The
solution is stirred and a heavy green precipiute forms. Hydro-
bromic acid is added until no more precipitate forms. It is removed
and dried on a porous plate. The compound is trans dichloro-
ethylenediaminodiammino cobaltic bromide.

[Cl,Co(C,H,N,)(NH,),iCI + HBr
(CI,Co{CtH,N,)(NH,)i)Br -h HCl

A. Werner and F. Chsuwy, Ann., $66» 259 (1912)

[CoCJten»)CI

‘ in
^en hydrochloric acid is added to a solution of dichlorodiethylene-
diammo cobaltic chloride, an addition compound is precipitated.

(Cl,Co(NH,C,H.NH,),JCI + HCl + 2H,0
-> [CI»Co(NH,C,H.NH,),;CI HCl 2HiO

T. S. Price and S. A. Braiier, J. Chem. Soc. (U)ndon), 107, 171$ (1915)
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[CoCOienJCI

HydrocUonc acid is saturated with hydrochloric acid gas at O'C and
frown IQ Uquid air. The ciystals which freew out are used as
solvent. In this is dissolved carbonatodiethylenediamino eobaltic
chloride. The temperature of this solution is aUowed to rise to room
temperature, and the color of the solution changes from red to violet,
^cohol IS added to the solution and dark violet crystals of cis dichloro-
diethylenediamino eobaltic chloride form.

lco,co(c,H,N,)ja + 2HCI^ ia,Co(c,Ha^,)ja + co, + h,o
A. Werner and R. Boeebard, Ann., SS6, lOg (1812)

ECl
(Co{NO.).pn,lCl

ni-444
Trans dinitroditrimethylenediainino eobaltic chloride is added to
concentrated hydrochloric acid. Gas is evolved and a green solu-
tion resulu from which green crystals are deposited. The compound
is trans dichloroditrimethylenediamino eobaltic chloride. It is
recrystallised from water acidified with hydrochloric acid. The salt
dissolves in water to form a green solution which changes to violet.
A solution of 1 gram in 20 cc of water reacts as foUows : Concentrated
hydrochloric acid gives a violet solution which changes to green and
green needles are deposited- Concentrated hydrobromic acid pro-
duces a green solution. Concentrated potassium hydroxide and
ammoniurn hydroxide produce a red solution. Potassium iodide
gives a thick brown precipitate- Potastium bromide gives a grass
green precipitate. Potassium thiocyanate gives a red brown solution
from which reddish brown crystals separate. Potassium permanga-
nate gives dark brown violet crystals.

[(NO,)»Co(C,H..N,)iICl -f- 2HCI - ICI,Co(C,H,JJ,)JCl -t- 2HN0j
A. Werner and G. UndeDberg, Ann., 386, 270 (1212)
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[Co(NH,),CO^n)Cl
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HCl m-4i5

NH3r
Cdrbonatoethylenediaminodiammino cobaltic chloride is treated
with concentrated hydrochloric acid which has been saturated with
hydrogen chloride gas at -IGT. The carbonate salt dissolves
and solid ammonium bromide is added. This reaction produces a red
solution which changes to violet and a bluish violet precipitate of cis
dichloroethylencdiaminodiammino cobaltic bromide forms. This is

dissolved in water and reprecipiUted by the addition of ammonium
bromide.

(a) (CO|Co{C,HJsf,){NH,),)CI + 2HC1
-»(Cl,Co(C,H,N,)(NH,),ICl + H,0 + CO,

(b) [CI,Co(C.H,N,)(NH,),)CI + NH.Br
-* (Cl,Co(C,H,>J,){KH,),lBr + NH.Cl

A. Werner and P. ChauM.v, Ann.. 386, 262 (1012) >o

(Co(NH,),ClrtnJCI
HNO,

III-446
1 Gram of traos dichloroethylenediaminodiammino cobaltic chloride
38 absolved in the minimum amount of water, filtered, and nitric acid
{1 . 1) added dropwise. A green precipitate forms which is removed
by filtration, washed with water and dried on a porous plate. The
sat formed is trans dichloroethylenediaminodiammino cobaltic

[Ci,Co(C,H,N,)(NH,),)Cl + HNO,
^ lCl,Co(C,H.N,)(NH,),]NO, + HCl

A. Werner and F. Chausay, Ann., 386, 258 (1912)
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[CoCItCDtJCl

ni-u7
When a cold concentrated solution of dichlorodiethylenediaraino
oob^tic chloride is mixed with an equimolar quantity amount of
oxalic acid, an emerald-green addition compound is precipitated
ihe same precipitate is obuined with ammonium acid oxalate and
potassium acid oxalate.

(Cl,Co(NH,C,H,NH,)JCl + H,C,04 + 2H,0
[CltCo(NH>CtH4NHt),|Ct04H-2HtQ + (HCl)

T. S. Price end 8. A, Braeier, J. Cbem. See. <loniion), 107, 1926 (1916)

[CUCo(C,HtN,),)Cl
^ in
2.8 Grams of trans dichlorodiethylenediamino cobaltic chloride are
dissolved in ice water and 0.8 gram of diethylamine together with
3 grams of ice added- Partial solution results and the color of the
solution changes from green to blue green. After 5 minutes solution
18 complete and it sets to a semisolid crystalline mass. The solution
is filtered and the crystalline residue washed with 10 cc of 70%
alcohol then with 95% alcohol and finally ether. 2.0 grams of trans
chlorohydroxodiethlenediamino cobaltic chloride are obtained as grey
crystals.

[CljCo(C*H|Nt),ICl + [ClCo(C,H|Nt)iOHJCl + HCl
J. MeUeoheimer aod E. Kioderlra, Ann., 4SS, 255 (1924)

HCl

[CoCINCScntia

m-449

Trans chloroisothiocyanatodiethylenediamino cobaltic chloride may
be oxidised with hydrogen peroxide in the presence of hydrochloric
acid to form trans chloroamminodiethylenediamino cobaltic chloride.

[aNCSCo(C,HJ^,),ICl + + HCl
^ [ClNH,Co(C,H,N,),]CI, + CO, + H,S04 + 2H,0

A. Wemer and R. Schmidt, Ann., dS6, 169 (1912)
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[CoCl,pD,]CI
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HJHCI. in-460

1 Gram of trans dichloroditrimethylenediaraino cobaltic chloride is

dissolved in 30-35 cc of water, 10-15 drops of concentrated hydro-
chloric acid and 20-25 drops of an aqueous solution of chloroplatinic
acid added. The solution is allowed to stand overnight and green
crystals of trans dichloroditrimethylenediamino cobaltic chloro-
platinate depH>sit.

2(Cl,Co(C,H.^N,),JCI + HtPtCU
— (CI,Co(C,H,oN,)«)t PtCI, -f- 2HC1

A. Wwner and O. Lindcftberg, Ann., M, 271 (1912) ^

[Co(NH,).Cl,enlCl
50.

jjj

A concentrated aqueous solution of trans diehloroethylenodiamino-
diammmo cobaltic chloride is cooled to 4'*C in an ice salt bath and
dilute sulfuric acid (1:1) added dropwise while stirring. After
a^ut 10 minutes, a turbidity develops and the solution is then
allowed to stand for some time at a low temperature. A greenish
precipitate of trans dichloroethylenediaminodiammino cobaltic bi-
sulfate with one H»0 forms.

[Cl,Co(C,H,N,)(NH,),)CI + H,SO.
-r (ClK)o(C.H,N,){NH,),) HSO, + HCl

A. Werner and F. Chaussy, Ann., $66. 260 (1912)

HtSO.
iCoCI,en,]Ci

5 Grams of trans dichlorodiethylenediamino cobaltic chloride are
dissolved in 15 cc of water and concentrated sulphuric acid added

f which is recrystallised from

Zmin dichlorodiethylene-diammo cobaltjc hydrogensulfate is deposited.

(CI,Co(C*H,N,),ICl + H^O. ^ [CI,Co(C,H.N,)e]-HSO. + HCl
A. Werner and R. Bo«hard, Ann., 386, 106 (1912)

in-452

$0
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[CoSOjenJCl
EAuCli m-453

A concentrated aqueous solution of sulfitodlethylenedismino
cobaltic chloride U treated with a solution of potassium chlorosurate
and fine yellowish-brown scales of sulfitodiethylenediamino cobaltic
ohloroaurate with three HtO form.

lSOiCo(C»H*Nt)t]CI + KAuCli (SOiCo(C|H|Nt)t] • AuCli + KCl
A. Werser and M. Pokrowska, Ann,, 396. 85 (1913)

EBr
(aCo(C,HJ^,),OH)CI

m-464
3 Grams of chlorodiethylenediaminohydroxo cobaltic chloride are
dissolved in 16 cc of water, faintly wanned and 3 grams of solid

potassium bromide added. Hydroxoaquodiethylenediamino cobaltic
bromide precipitates as a red precipitate which is washed with a little

water and then recrystaUised from aqueous solution by the addition
of alcohol. Yield 2 grams.

(ClCo(C,H|N,),OHlCl + 2KBr H- H,0
— [HtOCo(C,H,N,),OH)Br, -f 2KC1

J. Meisenheimer and E. Kinderlen, Ann., 498, 357 (1934)

[CoCOieoija

ni-466

6 Grams of carbonato diethylenediamino cobaltic chloride is dissolved

in 150 cc of water and treated with solid potassium bromide. Brown-
ish red carbonato diethylenediamino cobaltic bromide precipitates.

It is recrystaUised from warm water. Both anhydrous and hydrous
crystals are obtained. The hydrous form is dark red hex^onal
prisms. 1 gram dissolves in 30 cc of water at 50^0.

lCO,Co(C,HaN,),lCI + 2KBr^ [CO,Co(C,H,N,),)Br + (2KC!)

A. Werner end J. lUpIport, Ann., 86$, 73 (1912) fO
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[Co(NCS)rfnJCI
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EBr III-466

2 Grams of eis diisothiocyanatodiethylenediamino cobalUc chloride
are dissolved m 100 cc of water by heating. A few drops of acetic
acid are added and the solution cooled. Solid potassium bromide is

added in excess and bright red crystals are precipitated. These are
dissolved in hot water acidified with acetic acid, an equal volume of
water added and the solution concentrated over sulphuric acid. Cis
diisotbiocyanatodiethylenediamino cobaltic bromide is deposited as
red leafy crystals or needles with one half HjO.

[(NCS)»Co(C,H,N,),]Cl + KBr [(NCS),Co(C,H,Ni),]Br + KCl
A. Werner and C. Rix, Ann., 386, 196 (1912) to

(CoNOjNCSen.lCl

^ m-467
3 Grams of cis nitritoUothiocyanatodiethylenediamino cobaltic
chloride are dissolved in 70 cc of water containing acetic acid and
pot^um bromide added in excess. Cis nitritoisothiocyanato-
diethylenediamino cobaltic bromide deposits as a brownish red
crystaUine precipitate which is recrystollised from water acidified
with acetic acid and bright brown crystals deposit.

(NOJfCSCo(C,H,N,).lCI + KBr
^ lNO,NCSCo{C,H,N,),IBr + KCl

A. Werner and C. Rix, Ann., 366. 234 (1212) ^

[CoNOiNCSenJCl
KB r

m-458
A solution of 3 grams of trans nitritoisothiocyanatodiethylenedi-
amino cobaltic chlonde in 24 cc of water is treated with solid potas-
sium bromde and a brown crysUlline precipitate forms. This is
removed by suction, washed with alcohol and ether then lecrystal-
lised from hot water. Urge brown tablets of trans nitritoisothio-
cyanatodiethylenediamino cobaltic bromide with one H,0 deposit.

(NO,NCSCo(C,H,N.),ICl
-f- KBr

^ (NO.NCSCo{C,H,N,),]Br -|- KCl
A. Wemer and N. Gosling, Ann., 386. 244 (1912) 20
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KCNS
[CoCO<ens]CI

m-469
To a concentrated water solution of carbonatediethylenediamino
cobaltic chloride solid potassium thiocyanate is added. The corre-
sponding thiocyanate crystallises as a purple-red powder.

[CO,Co{C»H4Nt),]CI -h KCNS [CO.Co(C,H|N.) 4lCNS + KCl
A, Werner, Ann., $36, 76 (1612)

SO

(CoCsO^enelCI

in-ieo

4 Grams of oxalato diethylenediamino cobaltic chloride are dissolved
in 16 cc of water saturated at 0*C with ammonia- The solution is

heated for two hours in a bomb at 110®C. A saturated aqueous
solution of potassium iodide is added to this solution and red plates of

oxalato^iethylenediatoino cobaltic iodide deporit.

[C,04Co(C,H|N,),1CI -h KI |C,04Co(C*H|N,),1I -h KCl

A. Werner and J. Rapiport, Ann., 366. 77 (1612) go

iCoCOeentlCI
Ki m-iei

6 Grams of carbonatodiethyleoediamino cobaltic chloride is dissolved

in 200 cc of water and solid potassium iodide added. A bluish^red

crystalline powder precipitates. This is recrystallized from hot
water and lustrous, dark red prisms of carbonatodiethylenediamino
cobaltic iodide are obtained. One gram of the compound dissolves in

70 cc of water at 80*C.

(C04Co(CjHtN,)JCI -I- KI ^ (COeCoCCiHeNt)*]! + (KQ)

A. Werner and J. Rapipori, Ann., 368. 74 (1912) SO

41
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KI iij

3 GrsBS of cis diisothiocyanatodiethylenediamino cobaltic chloride
are dissolved m hot water slightly acidified with acetic acid. Solid
pota^um lodKle IS add^ and a red crysUlline precipitate forms
which IS filtered off, dissolved m hot water, diluted with an equal vol-
ume of water and allowed to concentrate over sulphuric acid. Cis
diisothiocyMatodiethylenediammino cobaltic iodide is deposited as
lustrous red needles which are difficulty soluble in cold but easily
soluble ID hot water.

((NCS)>Co(C,H,N,),)CI -f- KI ({NCS),Co(C,H,N,),]I -|- KCl
A. Wwner %ad C. Rix., Ann., 386, 197 (1912)

(Co(NH,),Cl,enlCI

III

Solid pota«ium iodide is added to a cold filtered aqueous solution of
trsns dichloroethylenediammo diammino cobaltic chloride until it is
Mturated and a brown precipitate of titins dichloroethylenediaraincH
diammino cobaltic iodide forms. It is filtered off and dried on a
porous plate.

|Cl,Co{C,H.N,)(NH,),)CI + KI -.(Cl,Co(C,H,N,)(NH,),]I + KCl
A. Werner and F. Chau«y, Ann., 386. 259 (1912)

Kl
(CoNO,NCSen,ICl

o n ni-464

24 cc of water and solid potassium iodideadd^. A brown precipitate forms which is recryslallised from hot
water. Brown crystals of trans nitritoisothiocyanatodiethylene-
diammo cobaltic iodide are formed.

^^nyienes

lNO,NCSCo(CJI,N,),)CI -j- KI (NO,NCSCo(C,H,N,),|I KCl
A. Werner and N. Gosling, Arm., 386. 244 (1912)
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[CoNOjNCSenja
m-465

3 Grams of cis nitritoisothiocyanatodiethyUDediamino cobahic
chloride are added to 70 cc of water acidified with acetic acid and the
solution heated on the water bath until solution is complete. Solid
potassium iodide Is added while stirring and cis nitritoisothiocyanat^
diethylenediamioo cobaltic iodide precipitates as a brownish red
crystalline powder. The solution is concentrated over sulphuric acid
and the compound is obtained as brown prisms.

[NO|NCSCo(C,H*N,),lCl + KI ^ INO,NCSCo(CJI|N,)t]I + KCl
A. Weraer and C. Rix, Ann., 366» 238 (1912) go

ICo(NH»).(NO»)iJCl
r[(NH,),co{No,),i ni^6e

A solution of croceo cobalt chloride will react with a solution of

potassium diammino cobaltic nitrite yielding a yellow precipitate.

[(NO,)rCo(NH,)*)Ci + K[(NH,)i‘Co(NO,)^)
"* l(NOi),Co(NHi)i)((NO>)t(NH,)tCo(NOt)i

l + KCl

8. M. JOrseaseo, Z. aoorg. Chea., S, 147 (1894)

ICo(NC8),en,]Cl

KlfO, III-467

2 Grams of cis diisothiocyanatodietbylenediamino cobaltic chloride are
dissolvedin water acidified with acetic acid and solid potassium nitrate

added. Cis diisothiocyanatodiethylenediamino cobaltic nitrate is

precipitated as small red prisms.

[(NCS),Co(C»H|N,)i]a + KNOi
--((NCS)ri:o(C,H,Nt)tlNO, + KCl

A. Wenier and C. Rix, Ann., 8S6, 198 (1912) go
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KNO, nM68
3 Grams of traos nitritoisothiocyaoatodiethylenediamino cobaltic
chloride are dissolved in 24 cc of water and solid potassium nitrate
added. A yellowish brown precipitate forms which is recrystallized
from hot water and brown tablets of trans nitritoisothiocyanatodi-
ethylenediamlno cobaltic nitrate with one H«0 are deposited.

(NO,NCSCo(C,HJV,),)Cl + KNO,
[NO,NCSCo(C,H,N,),INO, + KCI

A. Werner and N. Goelins, Ana., 33$, 245 (1912) gn

(Co(NCS),en,]Cl

ni-469
Trans dnsothiocya^todiethyleoediamino cobaltic chloride is finely
powdered and added to a small volume of potassium hydroxide solu-
tion (1.4) Md triturated until a thin suspension is formed. The
8us{»asion is warmed until a violet colored solution results This
sohition IS cooled and crystals of trans hydroxoisothiocyanatodi-
ethylenediamino cobaltic thiocyanate form.

((NCS),Co(C,H,N,)dCl + KOH
-*(OHNCSCo(C,H,N,),]SCN + KCI

A. Werner and R. Schmidt, Ann., 388, 160 (1912)

KSCN
t«--0ClN0,en.jCl

cyanatodiethylenediamino cobaltic thioeya

(CINOiCo(CjH$Nt)tJCl + 2KSCN

(NOd^CSCo(C,H,Nt)JSCN + 2KC1
C. Rix, Ann., SS6, 238 (1912)
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tCo(NH,),Cl<eii)Cl

KSCN in-47l

Solid potassium thiocyanate is added to a concentrated aqueous
solution of trans dicbloroethyleDediaminodiammino cobaltic chloride
and trans dicbloroethylenediaminodiammino cobaltic thiocyanate is

precipitated as a bright green crystalline mass. It is dried on a
porous plate.

[C1,Co(C,H|N,)(NH4),]CI + KSCN
[Cl,Co(C,H,N,)(NH,),lSCN + KCl

A. Werner ud P. Chsusey, Ann., MS. 2S0 (1912) $o

{Co(NCS),en,)a
KSCN I1M72

2 Grams of cis diisotblocyanatodjetbylenediaminocobalticcblorideai^

dissolved in water acidified with acetic acid and solid potassium
thiocyanate added. A precipitate of small red needles forms. This
is dissolved in dilute acetic acid solution and allowed to crystal*

Use. Cis diisothiocyanatodiethylenediamino cobaltic thiocyanate is

obtained as lustrous red needles.

|(NCS)tCo(CiH|N,),lCl + KSCN
-* [{NCS),Co(CtHeN,),lSCN + KCI

A. Werner sod C. Rix, Ann., M9, 198 (1912) fO

(CoNOJ^C^JCl
KSCN m-473

3 Grams of cis nitritoisothiocyanatodiethyleDediamiao cobaltic

chloride are dissolved in water containing acetic scid and solid potas*

siuin thiocyanate added. A brown crystalline precipitate forms.

This is recrystallized from hot water and cis nitritoisothiocyanato*

diethylenediaroino cobaltic thiocyanate is obtained as brown plates.

[NOiNCSCo(C,H,N,),lCl + KSCN
[NO,NCSCo(C,H|N,)tlSCN + KCl

A. Werner snd C. Rix. Ann., S8€, 237 (1912) SO
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(CoSO,en,]Cl

KSCN III.474

5 Grams of sujfitodiethylenediamino cobaltic chloride are dissolved

in 50 cc of water and the calculated amount of potassium thiocyanate
added. The solution is concentrated on the water bath until crystal-
lisation begins and, as the solution cools, large brownish-red needles
of sulfitodiethylenediamino cobaltic thiocyanate with two HjO
deposit. The compound is easily soluble in water.

(SOjCo(C,H,Nf),]CI -t- KSCN (SO,Co(C,H,N,),]SCN -h (KCl)

A. Werner and M. Pokrowske, Ann., $86. 84 (1913) gg

[CoCIrtDflCl
KSCN

HCIO,

HCI

A solution of trans dichlorodiethylenediamino cobaltic chloride is
ti^ated wjth potassium thiocyanate and an impure precipitate of cis
chloroisothiocyanatodieihylenediamino cobaltic chloride forms. This
bluish red precipitate is triturated with perchloric acid which dis-
solves It to form a dark red solution which soon sets to a red crystallinema« of the perchlorate. Alcohol is added and the residue removed
by filtration, washed with alcohol and ether, then dissolved in a small^ume 0 water and cooled. Hydrochloric acid U added and bluish

chloridfS.1'"
'““““"'“r.nModi.tl.yl.nedi.n.i., cob.Mo

(a) (CI,Co(C,H,N,)»]Cl + KSCN
(ClNCSCo(C,H,N,),]Cl + KCl

(b) (CiNCSCo(C»H,N,),]Cl -
1
- HClOi

, ,
(Cl?''CSCo(C,H,N,)dC10.

-I- HCI
(c) (CINCSCo(C,H,N,),]C10. + HCI

^ fClNCSCo(C,H,N,),JCl
-I- HCIO,

A. Werner and R. Schmidt, Ann., 386, 140 {1913)

III-476

eo
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ICo(NH,),Cl,enICl
KtCO,

in-47e
1 Gram of trans dicbJoroethylenediaminodiammino cobaltic chloride
and 1.06 grams of potassium carbonate are added to 8 cc of water and
stirr^ until a clear solution results. This is heated over a free flame
until the color changes to red and crystalUsation begins. As the
solution cools, carbonatoethylenediaminodiammino cobaltic chloride
deposits as a red crystalline powder.

(CliCo(CiH|N,)(NH,),]CI + KiCO,

^(CO,Co(Cai.N^(NH,),]Cl + 2KCI
A. Wem^raad P. Cbauny, Ann., 886, 261 (1912)

E:PtCl|
[CoSO,en,ICl

ra-477
A concentrated aqueous soluUon of sulfitodiethylenediamino
cobaltic chloride is treated with a 20% aqueous solution of potassium
chloroplatinate and brown crystals of sulfitodiethylenediamino
cobaltic chloroplatinate with four HtO deposit.

2(SO|Co(C,H|N,),)CI + KiPtCI. + 4H,0
[SO,Co{CtH»N,),l,PtCl, 4H,0 + (2KCI)

A. Werner and M, Pokrowtka, Ann,, 886, 86 (1912)

[CoCIteosJCl

‘ UM76
5 Grams of trans dichlorodiethylenediamioo cobaltic chloride are dis-
solved in 16 cc of water, filtered and 20 grams of solid lithium chloride
added. A bright green fine crystalline powder precipitates. This is
a double compound.

[Cl,Co(C*HJ^,),jCI + LiCl (CI.Co(Cai.N,),]Cl LiCl

A. Werner and R. Boaahard, Ann., 866, 105 (1912) eo
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fCoCI,en,ICl
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NH, in-479

Trans diohlorodiethylenediamino cobaltio chloride is treated with an
absolute methyl alcoholic solution of ammonia and trans chloro-
ammonodiethylenediamino cobaltic chloride is formed.

[Cl,Co(C,H,N,),]Cl + NH, — IClNH,Co{C,H,N,)«ICl,

A. Werner aad R. Schmidt, Ann., $66, 170 (1912) go

KHj

VaBr

(CoCI,en,]CJ

III-480

5 Gr^s of trans dichlorodiethylenediaminocobaltic chloride are
added to 10 cc of liquid ammonia and the ammonia allowed to
evaporate. A dark red residue remains that dissolves in water to
form an orMge red solution. This solution is filtered and a saturated
aqueous solution of sodium bromide is added. After a short time
yeUow needles of a mixture of trans diamminodiethylenediamino-
cobattic bromide and cis chloroammiDodiethylenediaminocobaltic
bromide separate.

2[CltCo(C|H*N|)i]Cl + 3NH, + 5NaBr
-• ((NH,),Co(C,H,N,),)Br, + INH,CICo(C,H,N,),IBr, + SNaCI

A. Wemer and C. Rix, Ann., $86, 201 (1912)

1
CoNHjCljHlOenJCI

JiJ

Ohio-

mIV ammonium hydroxide and triturated
until solution is complete. After 5-10 minutes. 3.5 oc of concentrated

h w'®
““‘*1 becomes a

ITL m a small volume of water and solid

^d hydrochloric acid. Green crystals of trans dichloroethvlenediammodiammino cobaltic chloride with one half H,0 deposit.^

ICljHiOCo(CjHsN8)NH,JCl + NH,
‘^fCI*Co(C,H,N,)(NH,),)Cl + H2O

A. Werner and P
. Chaus^, Ann., 366, 257 (1912)

m-481

so
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ICoC^^en.ICl

in-482

Prom the reaction mixture obtained when oxalatodiethyienediamino
cobaltic chloride is reacted with ammonia under pressure and subse-
quently treated with potassium iodide, a brown crystoliine deposit
forms. The oxalate in this compound is not bound in the complex
as It IS precipitated by the addition of calcium chloride. Analysis
of the compound proved it to be diamminodiethylenediamine
cob&ltic iodooxaUte.

2(Ci04Co(C,H.N,),]CI + 2NH, + 4KI
[Co(NH,)t(C,H,N,)i],.l4C,Oi + (2KC1 + KjCjOO

A. Werner end J. Rapiport, Ann., 78 (1912)

NH,

K1

fCoClNOjenelCl
IfHj

NArSiOi
m-4$3

Trans chloronitritodiethyleoediamlno cobaltic chloride le covered
with liquid ammonia. The chloride dissolves to form a reddish
yellow colored solution which changes to a brown color. The
ammonia is allowed to evaporate and the residue dissolved in water
acidified with acetic acid. Solid sodium dlthionate is added and a
precipitate forms which is dissolved in hot water acidified with acetic
acid. Long prisms of trans nitritoamminodiethylenediainino cobaltic
dlthionate deposit as the solution cools.

(a) (ClNO,Co(C,HJC,),lCl + NH, (NO*NH,Co(C,HeN,)i)CI,
(b) INO,NH,Co(C,HJ^,),|C1, + Na^,Oe

[NOJ^H,Co(C*H|N,),lSiO* + 2NaCl

A. Weraer and C. R«, Ann., 88$, 227 (1912)
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[CoCIseDtJCl

NHs 111-484

Ka}S,0<

3 Grams of acid free trans dichlorodiethylenediamino cobaltic chlo-

ride are added to a saturated methyl alcohol solution of ammonia
and the solution shaken from time to time. The alcoholic solution
becomes a deep red color. After twelve hours the residue is removed
by suction, washed with ether, dried and dissolved in very dilute
acetic acid. Solid sodium dithiooate is added and trans chloro-
amminodiethylenediamino cobaltic dithionate deposits.

(a) (CliCo(CjH»Ni),]Cl + NH, -• IClNH,Co(CtH|Ni),]CU
(b) fCJNH,Co(C,H,Nt),]Cl, + Na,S,0.

[CiNH|Co(CtHtNt),]S>0 , + 2NaC^l

A. Wflrn«r aad R, Schtoedt, Ann., 386, 173 (1913) ^

KHiOH

BaBr

[CoCI,en,JCl

in-485

2 Gram of c.s dichlorod.ethyleDediamioo cobaltic chloride (violeo-ch onde) are dissolved in 10 cc concentrated ammonium hydroxidewith the aid of gentle warming and the solution saturated Jith solidsodium bromide, A red precipitate forms which is recryslalli d fremaqu«us solut.™ by the addition of sodium bromide, TranshvllTaqu^iethylenediammo cobaltic bromide is obtained as briS r^crystals. The compound dissolves in
® ^

Mo., bu. it i. illubl.Tl"L|

(CljCo(CjH,Ni),JCl + iVH^OH + 2NaBr +
[{HtO)OHCo(C,H,N,)j]Brt + 2NaCl + NH4CI

A. Warner and K. Lange, Ann., 386, 97 (1912)
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{NHOiSO,

ENCYCLOPEDIA OF CHEMICAL REACTIONS

[CoCljenJCI

amtno

CIS

A concentrated aqueous solution of cis dichlorodiethylenedi».,
coWtic cUonde is saturated with ammonium sulfate and
aichlorcNiiethyleDediamiiio cobaltic sulfate precipitates.

2iaiCo(CtH,N,),]a + (NHOjSOi
^ (CltCo(C,H|N,),]^04 + 2NH|CI

A. Werner and R. Boashard, Ann., 366, 110 (1612)

m-466

$0

(NHd),S04
[CoNOeNCSenJCl

m-4S7
Cis nitritoisotbiocyanaiodiethyleDediaroioo cobaltic chloride is dis-
solved in water acidified with acetic acid and ammonium sulfate is
added. A voluminous precipiute of cis nltritoisothiocyanalodi-
ethylenediamino cobaltic sulfate forms. This precipiute is
recrystaJhsed from hot water containing acetic acid and the salt
obtained as yellow lustrous crystals.

2[NOtNCSCo(C,H|N,),ICI + (NH^eSO^
- [NO,NCSCo(C.H,N,).l.SO. + 2NH.C1

A. Werner end C. Rix, Ana., SM, 235 (1912)

NaNOr
[CoCINCSenJCI

in-488
A concentrated aqueoussolution of one mole of cischloroisothiocyanato-
diethylenediamino cobaltic chloride is treated with 1 mole of sodium
nitrite and the solution heated until it becomes yellow. The solution
is cooled and needles of cis chloroisothiocyanatodiethylenediamino
cobaltic nitrite are obtained in good yield.

[ClNCSCo(C,H,N,),ICl + NaNO,
— [ClNCSCo(C,H,N.)e]NO. + NaCl

A. Weroer and C- Rix, Ann., 386, 236 (1612)
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(CoCljenJCI

NaNO, ( ni-489

3 Grams of trans dichlorodiethyleoedismino cobaltic chloride are dis-
sclved in a small volume of water, filtered, acidified with a few drops
of acetic acid and treated with an equimolecular weight of sodium
nitrite, either m solid form or in concentrated solution. A green
crystaUine precipitate forms which is removed by filtration, washed
with absolute alcohol then recrystallized from a small volume of water
acidified with acetic acid by the addition of sodium nitrite. Trans
dichlorodiethylenediamino cobaltic nitrite is obtained as smaJI green
crystals.

[Cl*Co(CiH»N,)JCl + NaNO,^ {CItCo(CtH|N,),JNOt + NaCI
A. W«roer tad R. BoMhard, Ann., 386, 106 (1912) m

NaROi

HCl

[CoCI,en,}CI

111-490

1 Male of «id fr« trans dichlorodiethylenediamino cobaltic chloridea dissolved m the smallest possible quantity of cold water and aconcentra^ wlution of one mole of sodium nitrile added, thesolutionstir^ and allowed to stand. The solution soon sets to a semi-solid

f*

P««P‘tate IS filtered off, dissolved in the minimumquMtity of water and concentrated hydrochloric acid added to thecooled solution. Pure cis dichlorodiethylenediamino cobaltic chlo-

ih
obtained from

70 grams of the trans salt.

(a) (CUCo(C,H^,),]CI + NaNO,

rKi iru rx xr
|CI.Co(C,HJf.)JNO, + NaCI

(b) |Cl,Co(C,HJ^,)«INO, + HCl [Cl,Co(C,H,N8),ICI + HNO,
A. Wemer and L, Coha, Ann., 386, 2S2 (1912)

SO
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NaNO,
[CoNOjNCSentJCI

m-491
3 Grams of traos nitritoiwthiocyanatodiethylenediamino cobaltic
chlonde are dissolved in 24 cc of water and solid sodium nitrite addedA brown precipitate forms which is recrystollised from hot water
and trana oitritoisothiocyanatodiethylenediamiiio cobaltic nitrite is
deposited as large brown tablets with one HjO.

[NO»NCSCo(C,H|N,),]CI + NaNO,
-* [NO,NCSCo(C,H,N,),INO, + NaCI

A, Werner and N. Goeling, Ajin., 386. 246 (1812)

NaOH
(Co(NH,)iCI,H,0]CI

nr-492
Trihydroxohexamniinodicobaltic chloride is formed by action
of sodium hydroxide solution on dichloroaquotriamminocobaltic
monochloride.

2[Co(NH,),(HtO)CU]Cl + 3NaOH
- [Co.(OH),(NH,).ICl, + 3NaCl + 2H.0

A. Weroer, Ber., 40, 4834 (1907)
Hrf., J. J, Sudborough, }. Chen. Soc. (Londoo), 84:8, 48 (1908)

Na,CO>
(CoClrtn,]CI

m-idS
5 Grams of trans dichlorodiethylenediamino cobaitic chioride are
dissolved in 80 cc of water and added to a solution of 4.6 grams of
sodium carbonate in 10 cc of water, heated on the steam bath for one
hour while stirring vigorously and the solution filtered. During the
heating the color of the solution changes from green to red. The
solution U allowed to cool and the precipitate crystallised from hot
water. Dark red, grooved, flat prismatic crystals of carbonate
diethylenediamino cobaltic chloride with one HjO deposit.

[CI,Co(C,HJ<,),JCI + Na,CO, ^ (CO,Co(C,HJ^,),ja + 2NaCI
A. Werner »nd J. Repjport, Ann., 366. 72 (1912) g0

41
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WsiCOi 111-494

3.8 Grams of trans dichloroditrimethylenediamino cobaltic chloride
are dissolved m 10 co of water and the calculated amount of sodium
carbonate added. The solution is heated until it becomes bluish red.
Alcohol IS added and a white precipitate forms which is removed,
and won red needle like ciystals of carbonatoditrimethylenediamino
cobaltic chloride deposit. They may be recrystaltised from water.

(CJ,Co(C,H,oN,).ICl + Na,CO,-.|CO,Co(C,H„N,),)Cl + 2NaCl
A. Werner and G. Lindenberg, Ann., 271 (1912) 20

NatSOs
(CoCl,en,ICl

111-495

10 Grams of cis dicblorodlethylenediamiDO cobaltic chloride are dis-
so v^ in M cc of water and treated with 10 grams of neutral sodium

The so ution is healed to boiling and upon cooling, crystals
of sulfitodiethylenediammo cobaltic chloride with one half HiO
deposit.

(Cl,Co(C,H,N,),)CI + NaiSO, fSO,Co{C,H,N,),)Cl
-I- 2NaCl

A- Werner and M. Pokroweka, Ann.. 888, 81 (1912)

I^atSjOi
iCo(TO,en,ICI

111-496111

A dilute solution of carbonatodiethylenediaminocobaltic chloride is
treated wth solid sodium dithionate. Dark red prisms of the
corresponding complex dithionate are deposited.

2iCO,Co(C,H,N,)jiCI + Na,S,0,

[CO,Co(C,H,N,)s],SjO, + 2NaCl
A. Wemer, Ann., 386, 76 (1912)

4 /
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NftsSiOe
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[Co(NH0.ClrtnJCl

SoMj^iua di^ionate is added to a cold concentrated aqueous solu-

t l 1 dichloroethylenediaminodiammino cobalUc chloride and,

Lw precipitate of trans dichloroethylene-

^^0 d.amm.no cobalt.c dithionate forms. It is dried on a porous

in-497

2(Cl,Co(CJI,N,)(NH,),ICl + Na,S,0.

[CljCo(CiH,N,)(NHi),],S,0 , + 2NaCl
A. Wmtttud T. Ch»uasy, Ann., $B6, 261 (1912)

f

[Co(NH.)4(NO.)JCI
‘ *

' ni-498
A solution of croceo cobalt chloride will react with a solution ofsodium cobdtmitrite yielding orange red crystals of eroceo cobalto-
Gobaltic Ditnte.

3[{NO,)..Co(NH,)4]C1 + Na,Co(NO,).
-• [(NO,),-Co(NH,) 4],-(NO.),Co + 3NaCl

8. M. JCrgeosea, Z. anorj. Cbem., #, 147, (1894)

(CoCl«i,]CI
S{CH,COOH),

^ concentrated solution of dichlorodiethylenediamino
Coptic cWonde is mixed with equimolar proportions of thiodiacetic
acid, an addition compound is precipitated.

(CliCo(NHtC,H9NH,),]Cl + 2S(CH,C00H),
[gU^o(NH,CtH4NH>),l QC0CH«SCH>CQOH

. S(CH,C00H1,

+ (HCi)
T. 8. Price and 8. A. Braeier, J. 0»em. Soc. (London), 107, 1735 (1915)
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[CoCljenJCI
Bromomalofiic acid in-600

When a cold coocontratcd solution of dicblorodiethylonodiamino
cobaltic chloride is mixed with equimolar proportions of bromo-
malouic acid, an addition compound is precipitated.

[C1,Co(NH,C,H4NH,),IC1 + 2CHBr(COOH),
^ (Cl>Co(NH,C,H4NH>)tl QCOCHBrCQOH CHBr(CQOH) i

+ (HCI)

T. 3- Price »nd S. A. firuier, J. Chem. Soe. (London), 107, 1732 (1916) S7

lCoC\Mt]C\
Chloromalooic acid m

WL« ft cold concentrated solution of dichlorodiethylenediftmine
cobaltic chloride « mixed with equimolar proportions of chloro-
maloDic acid, an addition compound is precipitated.

[C1iCo(NH,C,H4NH,),]CI + 2CHCI(COOH),
fCl,Co(NH.CtH.NH,),] OCOCHCICOOH • CHCl(COOH),

+ (HCI)

S®*- (tendon), 107, 1733 (1916)

Dibromosuccinic acid
[CoCJjemJCl

di'^hiorodiethylenediamine
cobaltic chloride is mixed with equimoUr proportions of dibromosuccinic acid, an addition compound is precipitated.

[C],Co{NH,C.H4NH,),IC1 + (CHBr),(COOH),
[Cl»Co(NH.C.H4NH.).l-OCO(CHBr)iCOOH + (HCI)

7: 107. 1734 (1915)

III-602

S7
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ICoCUntia
Ditbioacetic acid Oj

When a cold concentrated solution of dichlorodiethylenediamine
cobaltic cUoride is mixed with equimolar proportions of dithio-
diacetic acid, an addition compound is precipitat^.

(CI,Co(NH,C,H4NH,>,]CI + S,(CH,COOH), + H.O
[Cl»Co(NH,C.H.NH,),l OCOCH,S.CH»COOH H,0 + (HCl)

T. 8. Price and 8. A. Brisier, J. Chem, Sec. (London), 107. 1738 (1916)

(CoCl,en,)Cl
Fumaric acid m

When a cold concentrated solution of dichlorodiethylenediamino
cobaltic chloride is mixed with equimolar proportions of fumaric acid,
an addition compound is precipitated.

[CltCo(NH,C,H4NH,),lCI + C,H,(COOH),
[Cl>Co(NHtCtH4NHi)tl >QCOCtH,CQOH -h (HCl)

T. S. Price end S. A. Brarier, J. Oiem. Soc. (Lcmdon), 107, 1730 (1015)

(CoCl,en«IC]

Succinic acid 111-605

When a cold concentrated solution of dichlorodiethylenediamine
cobaltic chloride is mixed with equimolar proportions of succinic acid,

an addition compound is precipitated.

[Cl,Co(NH,CiH|NH,),lCl + C*H4{COOH),
(Cl»Co(NHtC>H4NH»)t)OCQC>H4COQH + (HCl)

T. S- Price and S. A. Braaer, J. Chem. 8oc- (tondon), 107, 1734 {1916) S7
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ICo(NH,)^tO,H,0]Cl
Decomp. ni-606

The violet red color of oxalatoaquotriamminocobaltic chloride
changes to an intense violet after standing some time and the
solubility in water decreases. The aquo salt changes to cobaltic
chlorooxalatotriamm ine.

[(C,04)H,OCo(NH,),jCI [(C,04)CoC1(NH,),| + HjO

A. Weraer, E. BiotUcbedler and C. Sakur, Ann., 400, 231 (1914) SO

A

KSCN

[CoCl,en,lCI

ni-507

20 Grams of .cid free trans dichlorodiethylenediamino cobaltic
chloride are heated to lOO'C and dissolved in 30 cc of water with theMd of heat A solution of 6.8 grams of potassium thiocyanate is
added and a bright green crystalline mass precipitates. The solution
IS heated slowly until it just begins to boil then cooled and allowed to
stand two houra A large amount of bluish red crystaU of cis chloro-
isothiocyanatodiethylenediamino cobaltic chloride deposit These

hiocj^^te added to the filtrate. The solution is stirred until all of
the salt di^ives and dark violet crystaU of cU chloroisothiocyanato-

'deposit. These may be
recrystalhzed from hot water.

(ft) [Ci,Co(C,H,N,),JCI + KSCN

r. XT V,
^ |ClNCSCo(C,H.N,),)Cl + KCl

(b) [CliCo(C,H,N,),]Cl + 2KSCN
-* |ClNCSCo(C,H,N,),)SCN + 2KC1

A. Werner and R, Schmidt, Ann., 386 , 133 (1912)
20
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[CoCItensJCi

in-aoB
A
KSCN

HC104

An acid free solution of trans dichlorodiethylenediamino cobaltic
chloride IS treated with solid potassium thiocyanate and bright greentr^ chchlorodiethylenediamino cobaltic thiocyanate precipitates.
This salt 18 removed by filtration and washed with water. It is thenmade into a thick paste with water and heated over a free flame until

color becomes darker and finally deep violet. The solution is
filtered cooled and perchloric acid added. Trans chloroisothii^
cyanatodiethylenediamino cobaltic perchlorate is precipitated

(a) (Cl,Co(CJI,N,),)CI + KSCN - [Cl,Co(C,H,N,),ISCN + KCl
(b) [Cl,Co(C,H|N,),ISCN + HCIO,

— [ClNCSCo(C,HJ^,),]CiOi + HCl
A. asd R. Scbmidt, Aaa., SM, 136 (1912) to

A

(NH 4),S04

[CoCl>eDt]Cl

in-609

10 Grams of neutral trans dichlorodiethylenediamino cobaltic
chJonde are added to 20 cc of water and the mixture heated until
solution 18 complete and the color is dark blue. This solution is
allowed to stand for one hour then 10 grams of solid ammonium
sulfate is added and stirred until dissolved. This solution isaliowed
to stand 12 hours when a bluish red crystalline crust forms. This
crystalline mass is separated and extracted with 10 cc portions of cold
water when the green salt goes into solution. The residue is cis

chloroaquodicthylenediamino cobaltic sulfate and it is washed with
cold water until the washings are a pure red color. The salt crystal-
lises with one and one half HjO.

(a) (C1,Co(C,H4N,),JCI -1- H,0 ^ (Cl(H,0)Co(C,HJ^,)tICU
(b) lCl(H,0)Co(C,H,N,),ICI, + (NH4),S04

(a{H,0)Co(C,HaN,)d SO* + 2NH4CI
A. Werner, L. Gerb, 8. Lone and J. Rapiport, Ann., 886, 122 (1912) to
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ICoNH,CJen,ICl-CiO,

NH, iri-610

Trans chloroamminodiethylenediamino cobaltic chloride perchlorate
is dissolved in liquid ammonia. The compound dissolves to form a
blue red solution but changes slowly to yellowish red. The ammonia
is allowed to evaporate and the residue consists of a mixture of trans
and cis diammonodiethylenediamino cobaltic chloride perchlorate.

ICINH,Co(C,H,N,).JCl ao, + NH,
[(NH,),Co(CsHJf,),]Cl, CIO,

A. Wemerand R. Scbaidt, Ann., SA6, 174 (1912) $0

I^aNOs
ICoNHtaenJCICJOi

ni-611
Solid ^mm nitnte « added to a solution of trans chloroammino-
diethylenedi^mo cobaltic chloride perchlorate which has been
acidified with acetic acid and trans chloroamminodiethylenediamino
cobaltic nitrite deposits as a red crystalline powder

(ClNH,Co(C,H,N,),]ClCIO, + 2NaNOi
-*[CiNH,Co(C,H,Nt)ji(NOt)« + NaCl + NaClO,

A. Wernar acd R. Schmidt, Add., 173 (J912) go

NaMO,
[CoNH.C]en,]Cl.C10,

o ni-612
Solid sodium nitrite is added to a neutral aqueous solution of

perchlorate.Ammonia IS evolved and the solution soon sets to a crystalline massof trans chloromtntodiethylenediamino cobaltic nitrite.

[CJNH,Co(C,H|N,),)C1CI04 + 2K8N0*
[CiNO^o(C,H,N,),lNO, + NH, + NaCl + NaClO,

A. Werner and R. Schmidt, Ann., 386, 174 (1912)
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(CoCINCSenjaOi

in-613
HfOj

HCl

6 Grams of trans chloroisothiocyanatodiethylenediamino cobaltic
perchlorate is shaken with 10 cc of water, 3 cc of dilute sulphuric acid
(1.3) and 20 grams of concentrated hydrogen peroxide. The per-
chlorate di^lves slowly so the mixture is wanned until solution is
complete, then cooled. This solution is allowed to stand for 1 hour
then concentrated hydrochloric acid added and concentrated on the
water bath. Some green dichlorodiethylenediamino cobaltic chloride
separates. This is filtered off and the filtrate cooled. Bright red
lustrous leaflets of trans chloroamminodiethylenediamino cobaltic
chloride perchlorate are deposited.

[C1NCSCo{C,H,N,),]C104
-I- 4H,0, + HCl

->(CiNH,Co(C|H,Nt)fJCICIO« + H1SO4 + CO, + 2H,0
A. Werner and R. Schmidt, Ann., 366. 171 (1612)

ICoCINCSeniJClOi
I'iNO, m-514

A concentrated aqueous solution of cis chloroisothiocyanatodiethyl-
enediamino cobaltic perchlorate is treated with solid lithium nitrate
and the solution stirred until all solid matter has dissolved. Cis
chloroisothiocyanatodiethylenediamino cobaltic nitrate is precipitated
as a dark red difficultly soluble powder. Ttie salt is recrystallised
from hot water and dark bluish red needles are obtained.

[C1NCSCo(C,H,N,),I-C104 + LiNO,
[ClNCSCo(C,H4N0 tl NO, + LiCIO*

A. Weniarand R. Schmidt, Ann., 366, U1 (1912) SO



COBALT

[CoBrNCSeojao^

157

LiHO, in-616

The solution of cis bromoisothiocyanatodiethylenediamino cobaltic
perchlorate, obtained by the action of potassium thiocyanate and
perchloric acid on trans dibroroodiethylenediaraine cobaltic bromide,
is warmed to 60-70'C, quickly filtered, lithium nitrate added, stirred
to dissolve and cooled. The difficultly soluble violet brown cis

bromoisothiocyanatodiethylenediamino cobaltic nitrate precipitates.
The salt may be recrystallised from warm water if one works with
small portions at a time because of the ease of formation of the cis
ftquoisothiocyanato salt.

[BrNCSCo(C,H.N,),)ao^ + LiNO,
^ IBrNCSCo(C,H,N,),lNO, + LiClO.

A. Werner And R. Schmidt, Ann., $66, 151 (1912) go

i SO
[CoBrNCSen.iCIO,

‘

.
in-616

T dibromodiethylenediaraine
potassium thiocyanate and perchloric acid istreated with ammonium sulfate and cis bromoisothiocyanato-

diethylenediamine cobaltic sulfate deposits as reddish lil« fineleafy silky crysuls which are only slightly soluble in water.

2[BrNCSCo(CjH,N,),]C10, + (NH,)^0,
^ (BrKCSCo(C,H,Nj),]^0, + 2NH,C10.

A. Weroer and R. Schmidt, Add,, 366, 152 (1912)
SO
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VfAiSOi
(CoClNCSenJCIO*

m-5i7
Solid sodium sulfate is added to ao aqueous solution of cis chloro-
isothiocyanatodiethylenediamino cobaltic perchlorate and cis chloro-
isotluocyanatodiethyleiiediamino cobaltic sulfate precipitates. It
IS recryatallised from warm water and obtained as a violet red
powder.

2|CINCSCo(C|H|Nt)f]CI04 + NaiSOi
(CINCSCo{C,H|N»),1^04 + 2NaClO,

A. Weraw ud R. Schmidt, Aan., SSS, 141 (IMS)

[CoCINCS€n,]CI04
Ka^SsOf

jjj

Solid sodium dithionate is added to a concentrated aqueous solution
of cis chloroisothiocyanatodiethylenediamino cobaltic perchlorate and
difficultly soluble cis chloroisothiocyanatodietbylenediamino cobaltic
dithionate precipitates. The precipiute is recrystallised from hot
water and the salt is obtained as brownish red crystals with one HsO.
During crysullisation the solution must not be heated too hot nor too
long as this favors the formation of a large amount of the aquoiso-
thiocyanato salt.

2[ClNCSCo(C,H,Ni)t]CIO, + NajSgO*

-»(ClNCSCo(CtH|N,)tl,SiOi + 2NaC104

A. Wcr&er and R. Schmidt, Ann., S86, 140 (1912)

[CoNH,Clen,)(CI04)t

NasSjOt III-619

Solid sodium dithionate is added to an aqueous solution of trans

chloroamminodiethylenediamino cobaltic perchlorate and the solu*

tion stirred until all is in solution. Insoluble bright, red, hne needles

of trans chloroamminodiethylenediamino cobaltic dithionate with
one H|0 precipitate. These are recrystallised from hot water and
the compound is obtained as long, bright, blue red, thin very char*

acteristic needles.

[C1NH4Co(C,H,N,),1(C104). + Na^tOi
-»[CINH,Co(CJl4N,),]S,04 + 2NaC104

A. Werner and R. Schmidt, Ano., 986. 172 (1912) £0
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(Co{NH,).ClICl,

CjH.tNH.), m-620
HBr

Three moles of ethylenediamine are added to one mole of chloro-
pentamminocobalt chloride in a flask fitted with an air condenser.
The mixture is warmed until it assumes a yellowish color. The yel-
low mass is dissolved in water, filtered and concentrated hydrobromic
acid added to the filtrate. A thick precipitate forms which is removed
by filtration, dissolved in water and again treated with concentrated
hydrobromic acid. The residue is removed by filtration and dried.
It IS then crystallised from water and yellow needles of diethylene-
diammocobalt bromide separate. They contain three H,0.

[{NH,).CoClJCI, + 2C,H4(NH,), + 3HBr + 2H,0
-• Co(C,H,{NH,),l,Br,

-I- 3NH,C1 -f- 2NH4OH
P. Pfeiffer, Ann., 34$, 59 (I90S)

CsHi(NB3)]
C[o(NH,),CI]CI,

III-621
5 Grams of cUoropentamminecobalt chloride are mixed with 5.4 g of
ethylenediamine in a flask fitted with an air condenser. The mixture
18 warmed and heating continued until the mass assumes a yellowish
color. It IS th« dissolved in water and treated with a solution of
potassium iodide. The yellow precipiute is recrystallizcd from
water and yellow needles of triethylenediaminocobalt iodide are

((NHa)4CoCl]Clj + 3CsH<(NHj)* + 3KI + 5HjO
(Co(CiH4(NHj),),JI, + 3KC1 H- 5NH4OH

P. Pfeiffer aod T. GasamaDri, Ano., S46, 60 (1906)
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ESCN

(Co(NH,),Cl]CI,

III-622

5 Gr^s of chloropent*miDecobftlt chloride is mixed with 5.3 grams of
ethylenedmmme in a flask fitted with an air condenser. The flask
and contents are heated on the water bath for 8 hours. The yellowishmaM >s d,solved .n as little water a* possible, filtered and the filtrate
treated with a solution of potassium thiocyanate The yellow pre-
^piUte is removed by filtration and crystallised from hot water
Dark yellow compact crystals of triethylenediaminocobalt thio-
cyanate are formed.

I(NH,)»Cca]Cl, + 3C,H,{NH,), + 3KSCN + 6H,0
[Co(CjH4{NHj)i),|((SCN)i} + 3KC1 + SNHiOH

P. Pfeiffer and T. Goaamaoo, Ann., 346, 61 (1606)

ICo(NH,),CllCI,

ni-628
1 Mole of chloropentamminecobalt chloride is added to 3 moles of
propyleoediamine in a flask fitted with an air condenser and the
solution heated on the waUr bath until a yellow color is assumed.
Ammonia is evolved. The mass is dissolved in water and filtered.
The filtrate is a solution of tripropylenediaminocobalt chloride.

[{NHi)iCoCI]Cl, + 3C|H«(NH,)i ^ [Co(C|Ht(NH,)i),)Cli + 5NHt
P. PfriffcT and T. Gaasmann, Ann., 346, 62 <1006)

[CoHtOClenilCh

^ ni-624
50 Grams of chloroaquodiethylenediamino cobaltic chloride are
triturated with 50 cc of concentrated hydrohromic acid and allowed
to stand 20 minutes. The solution is reddish violet and a dark violet
red precipiute forms. This is removed by filtration, washed with
alcohol and ether, dissolved in 250 cc of cold water and 150 cc of con-
centrated hydrohromic acid added. Cis chloroaquodiethylene-
diamino cobaltic bromide deposits as small reddish violet leafy
crystals with one HtO. The salt is soluble in water.

lCl(H,0)Co(C,HJ^,),)Cl, + 2HBr
(Cl(H,0)Co(CtH8N,),)Br, -h 2HCI

A, Werner, L- (Serb, S, Lorie and J. Rapiport, Ann., 366, 124 (1912) go



COBALT 161

[CoNH,NOjen,]Cl,
HCI ni-526

A solution of trans nitritoamminodiethylenediamino cobalfcic chloride
in concentrated hydrochloric acid is, when heated, converted to trans
chloroammonodiethylenediamlno cobaltic chloride.

(NO*NH,Co(C,H,N,),JCI, + HCI

(CINH,Co{C*H|N,),ICJ, + HNOj
A. Werner and R. Scfamidl, Ann., 386, 169 (1812) go

EVOi
[CJCo(C,HaN,),(C,H,N)]CI,

III-526
When an aqueous solution of monochlorodiethylenediarainoallyl-
atnjno cobaltic chloride is treated with concentrated nitric acid
crystals of monochlorodjethylenediaminoallylamino cobaltic nitrate

[ClCo(C,H.N,),(C,H,N))CI, + 2HNO,
-» [CICo(C,H.N,),(C,H,N)]{NO,), + 2HC1

J. Meiaenheimer and E. Kindorlen, Ann., 438, 250 (1924)

HNO,

Nitnc acid is added to a solution of trans chloroamminodiethylene-

“ "'“—i-'xliOhyl.n.di.n.ino cob.l.ie

ni-627

[CINH,Co(CjH,Nj)tlCI, + 2HXOj
-^(ClNHaCo(CtH|N*)j|(NOi)2 + 2HCI

A. Werner and R. Schmidt, Ann., 386, 173 (1912)



162

H,0,

HCl
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(CoHjONCSenJCl,

m-628

other salts of this senes are oxidised by hvdrogen peroxide in thep^ence of h^rochloric acid. The chloride of this series gives trws
cbloroamminodiethylenediamino cobaltic chloride.

[HiONCSCo{C,H|Nt)JClj + 4HiOa + HCl- (ClNH,Co(C,H,N,),)Cl, + CO, + 3H,0 + H^O,
A, W«r&er and R. Selitnidt, Ann., $66, 162 (1612) to

KBx
(CICo(C,H*NOt(C,H,N)lCJ,

m-629
Monochlorodiethylenediaminoallylamino cobaltic chloride is sue- •
pended m water and an excess of solid potaasium bromide added and
the solution shaken. Dark colored plates of monochlorodiethylene-
diaminoallylamino cobaltic bromide are formed.

ICICo(C,H,N,),(C,H7N)]CI, + 2KBr
— [ClCo(C,H,N,),{C.H,N)]Br, + 2KC1

J. Meiseabeim^r asd E. Kiaderlen, Ann., 438, 249 (1924) fO

[ClCo(C,HtN,),(C,HJI))Cl,
“'

in-630
Powdered potassium bromide is added to a concentrated aqueous
solution of monochlorodiethylenediaminobensylamino cobaltic chlo-
ride and monochlorodiethylenediaminobensylamino cobaltic bromide
precipitates as a lilac colored crystalline material which has one half
H,0. It may be recrystallised from aqueous solution by the addition
of potassium bromide.

(ClCo(C,H,N,),(C,H,N)]CI, + 2KBr
^ (ClCo(C,HJ^,),(C7H,N)lBr, + 2KC1

J. Meiaenheimer and E. Kinderlen, Ann., 436, 252 (1924) pq
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(CI(C.H,N,),Co(C,H.NH,)JCI,

KBr 111-531

2 Grama of mtmochlorodiethylenediaminoanilino cobaltic chloride is

dissolved in 70 cc of cold water and an excess (4 moles) of solid potas-
sium bromide added. Monochlorodiethylenediaminoanilino cobaltic
bromide deposiu as reddish violet prisms with one half H,0. The
Morals are washed with 50% alcohol, 95% alcohol and then ether.
Yield 2 grams. The compound may be recrystaliised from aqueous
solution by the addition of concentrated hydrobromic acid.

(Cl(C.H,NO.Co(C.H.NH,)]Cl, 2KBr
~*[Cl(C,H,N,),Co(C,H.NH,)lBr, + 2KC1

J, Meiscnheimer snd B. Kiaderleo, Ann 435^ 244 (1924) to

[CI{C,H|N,),Co(C.HjNH,)ICI,

in-632
MonochlorodiethylenediaminoMilino cobaltic chloride is dissolved in
water and solid potassium iodide added in considerable excess.
Monochloroethylenediaminoanilrno cobaltic iodide precipitates as
thick red prisms which decompose at 40-5®C.

(C1(C,H,N,)jCo(C,HsNH,)JC1, + 2KI

rCl(C,H,N,),Co(C,H»NH,))I, -|- 2KC1
J. Meisenheimcr and E. Kiaderlen, Am,., 438, 244 (1924) go

K1
(C1Co(C,H,N,),(C,H7N)JC1,

Monwhiorodiethyienediaminoallylamino cobaltic chloride is sus-pended m water and solid potassium iodide added. The mixture is

iodide
^ ® potassium

in-633

(ClCo(CsH,N,),(C,HjN)]Cl, -|- 2KI
-* ^^Co(CtH,N,),(C|H,N)]I, + 2KCI

J- M^nhdmer and E. Kinderlen, Ann., 438, 249 (1924)
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(ClCo(CtHeN,)»(C,H»N)]Clt

^ ni-534

Powdered potassium iodide is added to a concentrated aqueous solu-

tion of monochlorodiethyleDediaminobensytamiDo cobaltic chloride

and moDochlorodiethylenediaminobensyiamino cobaltic iodide is

precipitated as brownish red six sided tablets which are moderately
soluble in warm water but only very slightly soluble in aqueous
solutions of potassium iodide.

[CICo{CiH,N,)i(C7H»N)]a, + 2KI
[ClCo(C,H»N,),{CTH»N)lIt + 2KCI

J. Mdwnheimer and E. Kinderten, Ann., 483» 2S2 (1924) go

[(C.H|0,N)Co(C,H|N,)t)Cli
KI in-536

One gram of sarcosine (methylaminoacetic acid) diethylenediamino

cobaltic chloride is dissolved in 3 cc of hot water and one gram of solid

potassium iodide added. Red needles of sarcosine diethylenediamino

cobaltic iodide deposit. Yield 1.2 grams. It may be recrystallized

from 2 cc of hot water. The crystals have one HrO.

((C,H|0,N)Co(C,HgN,),)Clt + 2KI
((C,H«OtN)Co(CtH,Nt)i]It + 2KCI

J. Melsenheiner and £. KinderleRt Ana., 438, 270 (1924) fO

[CoNH«aras]Cl«
KSCN ni-63e

5 Grams of cis chloroamminodiethyleDediamino cobaltic chloride are

dissolved in w*ater to form a concentrated solution and solid potassium

thiocyanate added. The solution is warmed slightly and warming

repeated during 2 hours when 3 grams of trans chloroisothiocyanato*

diethylenediamiDO cobaltic thiocyanate has deposited. Ammonia is

evolved during the reaction.

[CINH,Co(C*HiN,)*|Cl, + 2KSCN
^ IClNCSCo(C,H«N,)*lSCN + 2KC1 + NH,

A. Werner and R. Schmidt, Ann., 886, 169 (1912) 30
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KSCN

(CoNHjClenilCl,

I1I-637

Solid potassium thiocyanate is added to a concentrated aqueous

solution of trans chloroamminodtetbyienediamino cobaltic chloride

aad the solution ^va^med slightly. Ammonia is evolved and violet

trans chloroisothiocyanatodiethylenediamino cobaltic thiocyanate

precipitates.

(aNH,Co(C,H|N,)iICIi + 2KSCN
lClNCSCo(CtH<NOtlSCN + 2KC1 + (NH,)

A. VferncT &od R, ScbmidC» Ano., S68, 175 (1912) ^

(CoNHtClenilCIs

NHi III-6S8

Cis chloroamminodlethylenediamino cobaltic chloride is added to

liquid ammonia, allowed to stand two hours then the ammonia
allowed to evaporate. Yellow diammlnodlethylenediamino cobaltic

chloride remains as a residue.

[CINH,Co(C,H,N,),)Cl, + NH,^[{NH,),Co(C,H,N,),lCI,

A. Werner and R. Schmidt, Ann., 996, 167 (1912) io

(CoNH,Clen,]CI,
NaCIO^

III

Solid sodium perchlorate is added to a concentrated aqueous solution
of ds chloroamminodiethylenediamlno cobaltic chloride and red
oblong prisms of cis chloroamminodiethylenediamino cobaltic
chloride perchlorate deposit. These may be recrysUllised from hot
water.

^C]NH,Co(C,H^^,),)CI, + NaClO.

^ [CINH.Co(C,HJ^,),JCI CIO. + NaCl
A, Werner and R. Schmidt, Ann., 3«. 166 (1912)
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(CoHjOClenJCl,
NaNO:

17 Grams of cis chloroaquodiethylenediamino cobaltic chloride are
dissolved in 40 cc of cold water, the solution filtered and 7 grams of
solid sodium nitrite added- A dark violet precipitate forms which is
filtered off by auction, diasolved in 45 ec 0/ cold water and 9 grama of
solid sodium nitrite added. Monoclinic crystals of cis chloroaquo-
diethylenediamino cobaltic nitrite deposit. The yield ia 10 grama and
the salt is water aoluble.

(Cl(H,0)Co(C,H|N,)t|Cl, + 2NaNO,
- lCl(H^)Co(C.H,N,),](NO,), + 2NaCl

A. Weroer, L. Q«rb, 8. Lone and J. Ra^wport, Ann., 886, 125 (1919)

NaNO<
(CoNH,Cleni]CI,

m-541
20 Grams of cis chloroamminodiethylenediamino cobaltic chloride
are dissolved in 70 cc of cold water, filtered acidified with acetic acid
and SO cc of a concentrated aqueous solution of sodium nitrite
together with 20 grams of solid sodium nitrite are added. Cherry red
crystals of cis chloroamminodiethylenediamino cobaltic nitrite deposit.

(ClNH»Co(C,H,N,)JCl, + 2NaNO,
[CINH,Co(C,H,N,),l(NO,)t + 2NaCl

A. Wsmer and R. Scbmidt, Ann., 866, 167 (1912)

[CI(C»H,N,),Co(CJB[.NH»))Cli

NaNOi ni-542

2 Grams of chlorodietbylenediaminoanllino cobaltic chloride are
dissolved in 60 cc of water and 4-5 mole equivalents of pulverised
sodium nitrate added while shaking. Micro crystals of chloro-

diethylenediaminoaDilino cobaltic nitrate are formed. After one half

hour the crysUls are filtered off and washed with dilute nitric acid.

The compound is soluble in water and concentrated nitric acid.

[Cl(C,HaN,),Co(C»H|NH,)]CJ, + 2NaNO,
-^(CI(CJIJ^0tCo(C*H4NH,)J(N0,), + 2NaCl

J. Mebeoheimer and £. Kioderleo, Ann., 486, 245 (1924) to
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[ClCo{CtH,N,),(C7H,N)jCli

NaI«Oi m-543

2 GrAms of chlorodiethyleuedianuii^lKtoiuidiDO oobftltic chJorido &r€

dissolved in 40 cc of water by warming slightly. One gram of sodium
nitrate is added and the solution allowed to stand overnight. Six
sided violet red prisms of chlorodiethylenediamino-p-toluidino co-
baltic chloronitrate are formed.

(CICo{C,H,N,),{C7H,N))C1, + NaNO,
^(ClCo(C,H,N,),(C,H,N)JClNO, + NaCl

J. MeUenheirocrand E. Kinderlen^ Asn., 4S8» 247 (1924) €0

(CoNH,Cleni)CI,

in-644

Solid poUssium dichronukte is added to an aqueous solution of trans
chloroamminodiethylenediamino cobaltic chloride and the mixture
rubbed. The residue is crystallised from water and trans chloro-
amminodiethylenediamino cobaltic dichromate is obtained as orange
red crystals.

[ClNHjCo(CjHjNi)i|Cii NaiCrtOj
-» |ClNH,Co{C,H,N,),ICr,0, -|- 2NaCl

A. Werner and R. Schmidt, Ann., SSS, 172 (I9i2)

„ ^
(ClCo(C,HJ^,),(C,H,N))Cl,

IlasSsOc

Solid sodium dithionate is added to an aqueous suspension of mono-
chlorodiethylenediarainoaliyUmino cobaltic chloride and the solution
warmed slightly. Very small violet rose colored crystals of mono-
cbloroethylenediaminoallylaminocoballic dithionate are deposited
ihe compound is almost insoluble in water.

IClCo(C,H,N,),(C,H,N)]CI, + Na,S,0.

-* (ClCo(C,H,N,),(C,H,N))S,0 . + 2NaCl
J. Meisenheimer and E. Kinderlen, Ann., 438, 249 (1924)
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[CICo(C,H^,).(C,H,N)lCl,
Na,SsO,

jjj

Solid sodium dithionate is added in excess to an aqueous suspension
of chlorodiethylenediamino-p-toluidino cobaltic chloride and chloro-
diethylenediamino-p-toluidino cobaltic dithionate is deposited as
veiy fiDe brownish rose needles.

[CICo(C,H,N.),(C,H,N)lCl, + Na^,0,
— [CICo(C,H.N,).(C,H,N)]S^. + 2NaCl

J. Meisenheimer and E. Klndertea, Aao., 436, 347 (1924)

(ClCo(C,H,N,),(CtH,N)]CJ,
NajSiOi

MoDochlorodietbylenediaznioobeosylAmmo cobaltic chlorodithionate
is precipitated when solid sodium dithionate is added to a concen-
trated aqueous solution of monoohJorodiethylenediamioobenzylamino
cobaltic chloride. The compound is obtained as raspberry red
crystals.

2(CICo(C,H|N,),{C,HtN)]CJ, -h Na,S,0,

(ClCo(C,H,N,),(C,H,N)hCl,S,Oa + 2NaCl

J. Mecaenheimer and E. KioderUn, Ana., 436, 252 (1924) go

[CoNH,Clen,]CU
NatSiO* III-648

Solid sodium dithionate is added to a solution of cis chloroammino-
diethylenediamino cobaltic chloride and a microcrystalline precipitate
of cis chloroamminodiethylenediamino cobaltic dithionate precipi-

tates. It may be recrystallised from hot water.

[ClNH,Co(C,H|N,),)CI, Na^tOe
[ClNH,Co(C,H,Ni)i)S,Oe -f- 2NaCl

A. Wemer aad R. Schmidt, Ann., 366, 166 (1912) go
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[(C,H.OtN)Co(C,H|N,),JCI,

NatS}Oi IIX-549

Excess solid sodium dithionAt^ 1$ add^d to a concentrated aqueous
solution of sarcosine (methylaminoacetic acid) diethylenediamino
cobaltic chloride and stirred to dissolve. Red prisms of sarcosine
diethylenediamino cobaltic dithionate precipitate They have one
H,0.

[(C,H<0,N)Co(C,H|N,>,)Cl, + Na^iO,
-»• ((CiH*O,N)Co(C,H.N,),lS,0i + 2NaCl

J. Meisenheimer and E. Kinderleo, Aim., 4$8, 270 (1924) jO

(Co(NH,)iNOJCI,
IfaaCo(N02)« I1I.660

A solution of xanthocobalt chloride will react with a solution of
sodium cobaltinitrite yielding a brown colored precipitate of xaatho-
cobalt-cobaltic nitrite.

3|[NO»Co(NH,)»ICl,| + 2Na,Co(NO,),
-» fNO,-Co(NH.),j.-[Co(NO,).). + 6NaCl

S. M. JCrgenun, Z. asorg. Chem., $, 147 (1S94)

[Co(NH,)^{N0,)ICl,

num
When mononitritopentammino cobaltic chloride is heated above 200*,
decomposition occurs in the following manner.

2[Co(NHa)i(NOi)]CIt -* CojOa + 4NHa + 4NH 4CI + 2Nj -f HjO
G L. Clark, A. J. Quick, and W. D. Harkena, J. Am. Chem. 80c., 42, 2498 (1920) le

ICopnJCli

III

A concentrated aqueous solution of tripropylenediaminocobaltehto-
nde IS treated with concentrated hydrobromic acid. The precipitate
18 crystallised from warm water and iripropylenediaminocobalt
bromide isobtamedasyellow needles with three H,0 of crystallisation

(Co(CjH,(NH,)j)»]Clj + 3HBr [Co(C,H,(NH,)j)sJBr, + 3HC1
P. Pfeiffer and T. GassmauD, Ann., 348, 64 (1906)
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HNO»
[Co(NH*)ten,ICL

111-663

^ aqueoue solution of diamminodiethylenediaminocobalt trichloride
is treated with nitric acid. The precipitate formed is dissolved in
water and precipitated by the addition of nitric acid. The precipitate
is crystallized from water slightly acidihed with nitric acid. Poly-
hedral crystals of diamminodiethylenediaminocobalt trinitrate with
one HjO separate. The compound is slightly soluble in water.

[Co(NHi)i(CjH$Nt)i]Cl* + 3HNO4

(Co{NH»),(C,H4N*)t](NO,), -h 3HC1
A. Werner, P. Braunlicb and B. Rogowina. Ann,, 361. 76 (1907)

(Co(NH,)^ndCU
HgClj ni-664

A solution of diamroinodiethylenediaminocobalt trichloride is treated
with an aqueous solution of mercuric chloride and the precipi-

tate crystallized from hot water. As the solution cools, golden
yellow crystals of diamminodietbylenediammocobalt chloromercurate
deposit.

[Co(NHi),(C,Hd^,),lCli + 5HgCI,

(Co(NHi),(CiH|N,),]Cl, 6HgCl,

A. Werner. F. BraiinUeh aod B. Rogowias. Ann.. 361, 78 (1907) SO

(CoposJCli

^ in-666

An aqueous solution of tripropylenediaminocobaltchloride is treated

with a solution of potassium iodide. The precipitate formed is

crystallized from water and hne golden yellow crystals of tripropylene-

diaminocobalt iodide are obtained.

(Co{C,H,(NH,)»)i]CU + 3KI ^ [Co(C,He(NH,),)dIj -h 3KCI

P. Pfeiffer and T. Gaaemann, Ann.. 346, 64 (1906) £0
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KI

[Co{NHi)tenj]CI I

ni-666

A wann aqueous solution of diethylenediaminodiamrainocobalt

tricbJoride is treated with the calculated amount of potassium iodide.

An amorphous precipitate of diethylenediaminodiamminocobalt tri-

Iodide is formed.

(Co(NH,),{C,H,N,),]CJ, + 3KI (Co(NH>)t(CtHtN>)t]It + 3KC1

A. Werner, F. Brauolieh ud E. Rogowiaa, Ann., 361, 7$ (1007) to

[Co{NH,),en,ICl,

KSCN III-667

An aqueous solution of diamminodiethylenediaminocobalt trichloride

is treated with the calculated amount of potassium thiocyanate in

solution. A voluminous precipitate forms which is crystallized from

warm water and orange colored crystals of diamminodiethylene*

diaminocobalt tritbiocyanate form.

[Co(NH|),(CiH,N,)dCl, + 3KSCN
-(Co(NH,)i(C,H,N,),)(SCN)j + 3KCI

A. Werner, F. Braunlich and C. Kogowina, Au., 361, 77 (1907) SO

[Coen,Id,
K,[Cr(CN),) ni.668

1.25 Grams of trielhylenediaminocobalt chloride are dissolved in

water and to this solution is added a solution of 4 grams of chromium
potassium cyanide- 1 .2 Grams of a dark yellow crystalline mass pre-

cipitate. This is triethylenediaminocohalthexacyanochromate. The
salt is insoluble in water.

[Co(C,H^(NH,),),ICl, -h (Cr(CN),IK,

^ [Co(C,H<(NH,),),I.(Cr(CN)a) -
1
- 3KC1

P. Pfeiffer and H. Maismann, Ann., 346, 75 (1906) ^
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(Co(H^),eD,lCI,
NatSsOt

HI-569
5 Grams of cis diaquodiethylenediamino cobaltic chloride is dissolvedm 12 cc of water» 25 cc of pyridine added and then 25 cc of a cold
saturated aqueous solution of sodium ditbionate. Bright violet
crystals of hydroxoaquodiethylenediamino cobaltic dithionate de-
posit. These are washed with waUr and alcohol then dried with
ether.

I(H,0),Co(C,H,N,),ICl, + Na^jO,
- (H,0OHCo(C,HJJ,),]S,O. + 2NaCl + HCl

A. Werner, Ana., 876, 84 (1910)

(Co(NH,),en,]CI,.Cri:>,
NH*OH

KI
Diamminodiethylenediamioocobaltic chloride oxalate is treated with
a saturated water solution of ammonia at 0^ and then heated in a
bomb at 1 10^ for two hours. The contents are then poured into water
treated with KI and fractionally crystallized. The most insoluble
fraction consists of brown crystals of dianuninodiethylenediamine-
cobaltic iodide oxalate.

[Co(NH,>,en,l, a. C*04 -I- 4KI

(Co(NH,),enJ,-l4(C,0i) + 4KC1

A. Werner, Ann., 886, 77 (1912)

(Co(NO,)tpn,]I

AgCl m-661

Trans dinitritoditrimethylenediamino cobaltic iodide is dissolved in

warm water, cooled and freshly prepared silver chloride added. This

is rubbed in a mortar, filtered and filtrate concentrated. Crystals of

trans dinitroditrimethylenediamioo cobaltic chloride deposit.

((NOi),Co(CjaipN,),]I + AgCI ^ [(NO,)»Co(C,HieN,)JCI + Agl

A. Wemer and G. Lindenberg, Aim., 886, 266 (1912) io
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(Co(NOi}apnt|l

* m-662
AgNOa

Trans dinitritoditrimethyknediamino cobaltic iodide is dissolved in

water and the calculated amount of silver nitrate in solution added.

The solution is filtered, the filtrate concentrated and then allowed to

stand overnight. The precipitate which forms is recrystallised from

hot water. Crystals of trans dinitritoditrimethylenediamino co*

baltic nitrate deposit.

((NO,),Co(C,H,oN*)dI -h AgNO,
l(NO*)*Co(C,H,*N,),iNO, + Agl

A. Werner and G. Lindeabcrg, Ann., 98S, 260 (1912)

(Co(NO,),en,)I

AgiO in-5fi3

HjSO^

Trans dinitritodiethylenedianiino cobaltic iodide is dissolved in water

and shaken with silver oxide. Trans dinitritodiethylonediamino

cobaltic hydroxide is formed and this is converted to the bisulfate by
neutralising with sulfuric acid. Alcohol is added to the solution

and it separates into two layers. The deep colored layer is treated

with additional sulfuric acid and it sets to a crystalline mass. This

is recrystallised from dilute alcohol and yellow brown needles of trans

nltritodiethylenediamino cobaltic bisulfate separate.

(a) Ag,0 + H,0 2AgOH
(b) [(NO,),Co(C,H,N,),]I + AgOH

-((NO,)tCo(C,H,N,),10H + Agl

(c) [(NOi),Co(C,H.N,),]OH + H,SO,

^({NO,),Co(CtH|N,),)HS04 + H5O
A. Werner and L. Cohn, Ano., 366, 250 (1912) fO

ICoCOjeD}]!

Ag?S04 in-564

A cold saturated aqueous solution of carbonate diethylene diamino-
cobaltic iodide is treated with a concentrated aqueous solution of

silver sulfate. The solution is filtered and concentrated on the
water bath. Upon cooling, reddish black prismatic crystals of

carbonatodiethylenediamino cobaltic sulfate with five HjO deposit.
The water of crystallization is lost at lOO^C.

2(CO,Co(CjHJS%),JI + AgeSOi ^1CO,Co{C,HJ<,>,)^04 + 2AgI
A. Werner and J. Rapiport, Ann., 386, 76 (1912) so
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[CoNHjNOtentlli
NajSsOi

III-665

1 Gram of trans nitritoamminodieihylenediaraiDo cobaltic iodide ia
dissolved in 20 cc of water and a concentrated aqueous solution ofw^um djthionate added dropwise until crystallisation begins.
Golden yellow lustrous needles of trans nitritoamminodiethylene-
diamine cobaltic ditbionate deposit.

[NO,NH,Co(C,H,N,),lI, + Na^jO,
-(NOiNH|Co(C*H|Ni)t]S|Oi + 2NaT

A. Weraer and W. Boa, Ann., 8S6, 227 (1212)

lCo(NH,),en,]I,

HCi

CoCU

2 Grams of diamrainodiethylenediamioocobalt Iniodide are dissolved
in 7 cc of water and the calculated amount of silver nitrate to precipi-
tate the Iodine is added. The solution is filtered to remove the silver

iodide and hydrochloric acid added to the filtrate to remove any
excess silver. The solution is again filtered and the filtrate saturated
with cobaltous chloride. The color of the solution changes from
bright red to brownish red. Concentrated hydrochloric acid is added
until the color of the solution changes to blue green, and bright green
crystals of the double compound diarominodiethylenediarainocobalt
trichloride chlorocobaltate form.

(a) (Co(NH,),(C,H|N,)t)I, + 3AgNO,
[Co(NH,)t(C,H|N,),J(NO,), +

(b) [Co(NH,),{C,HtN,),)(NO,), + 3HC1
-4 ICo(NH,),(C,HJ^,),]Cl, -h 3HNO,

(c) (CoCNH,),(C,HJ^,)JCI, + CoCl,

(Co{NH,),(C,HaNi),]Cl,-CoCl,

A. Wcroerafid C. Kreutser, Ajin., $61, 83 (1907) SO
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AgiO

HBr

[Co(NH,),en,]I,

m-667

2 Grams of diamminodiethyleDediaminocobalt triiodide are dissolved

Id 15 cc of water and silver oxide added, while agitating constantly,

until no more silver iodide precipitates. The solution is filtered and

saturated with hydrobromic acid at water bath temperature. The
solution is placed in a defecator over sulfuric acid to crystallize.

Orange crystals of diamminodiethylenediaminocobalt tribromide form.

(a) AgtO + H,0-^2Ag0H
(b) [Co(NH,),(CiH,N,),]I, + 3AgOH

(Co(NH,),(C,H,N,),KOH), + 3^
(c) (Co(NH,),(C,H|N,),l(OH), + 3HBr

- ICo{NH,),{C,H,N,),]Br, + 3H,0

A. Wenwr asd 0. KreutMr, Ann., 83 (1907) ^

ICopmlli
KSCN III-668

2 Grama of pure tripropyleoediamminocobalt iodide are dissolved in a
concentrated solution and treated with an aqueous solution of

potassium thiocyanate. Tripropylenediaminocobalt thiocyanate pre-

cipitates as fine yellow crystals.

[Co(C,H,{NH.)i).)Ii -f- 3KSCN
-[Co(C,H.(NH,),).l'[(SCN),] -I- 3KI

P. Pfeiffer and T. Guemaao, Ana., S4«, 68 (1906) SO

[CopnJI,
K,(Co(CN).]

II,

A concentrated aqueous solution of tripropylenediaminocobalt iodide
is treated with a concentrated solution of potassium cobalt cyanide
and a yellow precipitate forms. It is crystallized from hot water and
tripropylenediaminocobaltohexacyanocobaitate is obtained.

[Co{C,H,(NH,),),II,
-f- [Co(CN),IK,

-» [Co(C,H,(NH.),),) [Co(CN).] -|- 3KI
P. Pfeiffer and T. Gassmann, Ann., 946. 67 (1906)
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K,[Cr(CN).]
(Coptiillj

in-B70
A solution of tripropyleDedi&nuDocobalt iodide in water is treated
with one of chromium potassium cyanide. Small golden yellow
crystals of tripropylenediarainocobalthexacyanochromate with 3HjO
sepwate. They are insoluble in water and are not decomposed at
140 C.

[Co(C,H,(NHi),),iI, + |Cr(CN)4|K,

-^(Co(C,H»(NH,),)J-(Cr(CN),l + 3KI
P. Pfeiffer ud H. Mekamuin, Ann.» 846, 77 (1906)

[Copmlli
Ki[Cr{Cj04)i] IU-671

Tripropylenediaminocobalt iodide and blue chromium potassium
oxalate are dissolved in water in molecular proportions. A chocolate
colored precipitate which soon changes to fine needles forms, This is

tripropylenediaminocobalttrioxaJatochromate.

[Co(C|H4(NH0t)i]Ii + [Cr(C,0*)ilKi

-(Co(C,Hi(NH,),),] [Cr(Ct04)il + 3KI

P, Pfeiffer and T. Gsssrauin, Ann., 846, 66 (1906) SO

[CopDe)]}

K,re(CN)4 m-672
An aqueous solution of tripropylenediaminocobalt iodide is mixed
with one of potassium ferricyanide. Red yellow needles of tripropyl-

enediaminocobalthexacyanoferrate with three HtO form. They are

insoluble in water,

[Co(C,Hi(NHe),),JI, + K,Fe{CN),
[Co{C,H*(NH,)t)e)Fe(CN), + 3KI

P. Pfeiffer and T. Cassmann, Ann., 346, 66 (1906) $0
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lCo(NO,),pn,)NO,

KBr ni-673

Solid potassium bromide is added to a concentrated aqueous solution

of trans dinltritoditrimetbylenediamino cobaltic nitrite and a yellow

precipitate of trans dioitroditrimethylenediamino cobaltic bromide

forms- It is recrystalliaed from hot water and obtained as brownish

yellow crystals with one HjO.

((NO,),Co{C,H, + KBr
-»[(NO,)tCo(C,Hi.N,)t]Br + KNO,

A. Werner and G. Lindenberg. Ann., S66, 267 (1912) tO

(Co(KO,),pn,lNO,

KI III-674

3 Grams of trans dinitritoditrimethylenedlamino cobaltic nitrite are
dissolved in the minimum amount of water and solid potassium iodide

added. A yellow lustrous precipitate forms which is recrystallized

from hot water and rhombic prisms of trans dinitritoditrimethylene-

diamino cobaltic iodide with two HsO deposit.

[(NOi),Co(CjH,oN,)tlNO, + KI ((NOt)^o{C,HioNi)i)I + KNOj
A. Werner and G. Liodenberg, Ann., 9H, 268 (1912) go

[CoNOJ^CSenJNO,

m-676
A concentrated aqueous solution of trans nitritoisothiocyanato-
diethylenediamino cobaltic nitrite is treated with solid potassium
thiocyanate and red needles of trans nitritoisothiocyanatodiethylene-
diamino cobaltic thiocyanate precipitate. The salt may be purified
by reprecipitation from aqueous solution by the addition of potassium
thiocyanate.

[NOsNCSCo(C^«N,)j]NO, + KSCN
(NOtNCSCo(C,H,N,),]SCN + KNO,

A. Wemer and R. Schmidt, Ann., 386, 163 (1912) ^
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lCo(NO,),en,]NO*

ni-57e
An aqueous solution of pure cis dinitritodiethylenediamino cobaltic
nitrite is heated to boiling and kept at that temperature for 6 hours
during which time steam is passed into the solution. Upon cooling,
crysuls of the trans isomer, dinitritodiethylenediamino cobaltic nitrite
deposit.

(cid)[(NO*)tCo(C,H*N,)iJNO, + A
(tran8)[(NO,),Co(C,HeN,)].NO,

A. Werner and L. Cohn, Ana., SSB. 249 (1912) m

[CoNH,Cleni](NO,)e
AfNOi m«577

Silver nitrite reacts with cis chloroamminodiethylenediamino cobaltic
nitrite to form cis nitritoamminodiethylenediamino cobaltic nitrite.

[ClNH,Co(C,H.N,),](NO,), + AgNO,
-»lNOtNH,Co(C|H|N,),l(NO,),+ AgCl

A. Werner and W. Boea, Ann., $86, 217 (1912) go

iCoNHtCJentj(NOi),
AgNO, III-67S

NasSsOi

The mother liquor obtained by reacting cis chloroamminodietbylene-

diamino cobaltic nitrite with silver nitrite and sodium dithionate as
described in reaction III-533 and filtering oil the cis nitritoammino-

dietbylenediamino cobaltic dithionate contains trans nitritoammino-

dietbylenediamino cobaltic dithionate and it may be recovered by
evaporation of the solvent.

(a) [ClNH,Co(C,H»N,),|(NOt)* + AgNO,
^ lNO,NH|Co(C4l8N,)J(NO,), + AgCI

(b) [NO,NH,Co(C,H4N,)t)(NO,), + Na^,0.
[NO,NH,Co(C,H|N,),lS,0, + 2NaNO,

A. Warner and R. Schmidt, Ann., S86, 168 (1912) gO
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[CoNH|Clen,](NO,)t

Decomp* III'679

Ammonia is evoived from a concentrated aqueous solution of trans

chloroamminodiethylenediamino cobaltic nitrite and trans chloro*

nitritodietbylenediamino cobaltic nitrite is formed.

[CiNH,Co(C,H.N,),)(NO,), - (ClNO,Co(C,H,N.),JNO, + NH,

A. Werner snd R. Schmidt, Ann., S8«, 175 (1912) SO

[CoNO,NCSen,lNO,
AglfOa ni-680

Trans nitritoisolhiocyanatodjethylenediaraino cobaltic nitrate is dis-
solved in a little water and a solution of the calculated quantity of
silver nitrate added. A bright yellow curdy precipitate forms which
is recrystallised from hot water and long yellow needles of trans silver

isothiocyanatonitritodlethylenediamino cobaltic nitrate are deposited.

(NOtNCSCo(C,H|N,)JNO, + AgNO,

(AgNCSNOiCo(C,H,N,),l(NO,),

A. Werner end N. Gosling, Ann., SSS, 345 (1912) ^

[Co(NH,)iC^*H,0]NO,
^ m
5 Grams of oxalatoaquotriammiDocobaltic nitrate are dissolved in
110 cc of water, cooled and 80 cc of concentrated hydrobromic acid
added. OxalatoaquotriammiDocobaltic bromide precipitates and it
IS purified by dissolving in water and reprecipitating « jih hydro-
bromic acid. The precipitate is washed with alcohol and ether. The
compound is deposited as bluish red prisms and the yield is 3 4
grams. The compound crystallises with one HjO.

1(C,04)H,OCo(NH,)j]KO, + HBr

“»((C*0,)H,OCo(NH,),JBr + HKO,
A, Werner, E. Bindschedler and C. Sackur, Ann., 406, 231 (1914)
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(Co(NH,),C,0.H,0)N0,

III

5 Grams of oxalatoaquotnammiDOcobaltic nitrate are dissolved in 1 10
cc of warm water, cooled in an ice bath, filtered and 20 cc of concen-
trated hydrochloric acid added. A red crysUlliDc precipitate forma
almost immediately. 30 cc hydrochloric acid ia added, the solution
allowed to stand 30 minutes and an additional 50 cc of hydrochloric
acid added. The precipitate is filtered off, washed with half con-
centrated hydrochloric acid then alcohol. It is then recrystallised
from water by dissolving 3.8 grams in 100 cc of water and adding an
equal volume of concentrated hydrochloric acid. Oxalatoaquotri-
amminocobaltic chloride Is deposited as a violet red crystalline
powder. Yield about 3 grams.

((C,0,)H,OCo(NH,),]NO, -|- HCl

^[(C,04)H,OCo(NH,),ICI + HNO,
A. Werner. E. Bindschedler and C. Sackur, Ann., 406, 229 (1914)

(Co(NO,),en.INOi
HNOi 111.583

KSCN

10 Grams of cis dinitritodiethylenedlamino cobalt! c nitrate are added
to 60 cc of dilute nitric acid (30 cc concentrated nitric acid and 30 cc

water) and warmed on the water bath to dissolve. The solution is

allowed to stand overnight and nitronitratodiethylenediamino

cobaltic nitrate precipitates.

5 Grams of this salt are dissolved in 20 cc of water and 3.5 grams of

potassium thiocyanate added. Trans nitritoisothiocyanatodiethyl-

enediamino cobaltic thiocyanate is formed.

(a) |(NO,),Co(C,H,Nt)JNO, H- HNO,
[NO,NO,Co(C,H,N,)JNO, -h HNO,

(b) [NO,NO,Co(C,H,N,),]NO, + 2KSCN
-[NOJslCSCo(C,H,N,),)SCN + 2KNO,

A. Werner and K. GosUsg, Ann., 886, 241 (1912) to
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(Co(NOt)*enj|NO,

HKO* in-684

lOO Grams of cis dinitritodiethylenediamino cobaltic nitrate are dis>

solved in 200 cc of water and an ec|ijal volume of concentrated nitric

acid is added. This solution is heated for 4 hours then cooled- The
solution is filtered, the filtrate concentrated and nitric acid added
when an additional quantity of the reaction product is obtained.

The combined residues are recrystallized from hot water and trans

nitritonitratodiethylenediamino cobaltic nitrate is deposited as

chamois colored small lustrous crystals.

((NO,)iCo(C,HJ^,)»!NO,+ HNO,
-(NOfNOjCo(C,H|N*)»INO, -j- UNO,

A. Weroer and L. Cohn, Ann., $dS, 2$2 (1912) go

lCo(NH,).(NO,),|KO,
KAuCl. 111-886

Brown colored crystals of flavo cobalt chloroauratc arc obtained
when a solution of flavo cobalt nitrate reacts with a solution of
potassium chloroaurate.

[(NO,)«Co(NH,),].NO, + KAua
-* [(NO,)-Co(NH,)«] AuCl« -1- KNO,

S. M. JSrgeoseD, Z. anorg- Chem., $, H7 (lg94) og

lCo(KH,).(NO,),JNO,
Kl(NH,),Co(llO,).)

jjj

A solution of flavo cobalt nitrate will react with a solution of potas-
sium diamminecobalt nitrite yielding a yellow precipitate.

|(NO,), • Co(NH,).) • NO, -I- K[(NH,),- Co- (NO,)

J

-^ (NO.),-Co(NH,)4 (XO,),-(NH,), Co(NO,). -I- KNO,
S- M. JSrgeDsen, Z. anorg. C'hem., 6. 147 (1894)
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ICoClNO,en,)NO,
ESCN

ni-687
Solid potassium thiocyanate is added to a solution of 5 grams of trans
chloronitritodiethylenediamino cobaltic nitrate in 120 ce of water Abrown cp-stalline precipitate forms. It is recrystelliwd from waterby iasoWmg 2 pams in 40 ec. Trans nitritoisothiocyanatodiethil-
enedjamino cobaltic thiocyanate deposits as brown prismatic crystals.

(CINOtCo(CtH,Nt)i]NO, + 2KSCN
^ [NO,NCSCo(C,H|N,)tlSCN + KCl + KNO,

A. Wem«raod N, Go*Unf, Ano., SSS, 240 (1012)
go

KSCN
[Co(NH,),C,0<H,0)NO,

III-5S6
40 Grama of potassium thiocyanate are added to a warm aqueous solu-
tion of 4 grams of oxalatoaquotriamminocobaltie nitrate in 20 cc of
water, The solution is heated until all solids are dissolved then
filtered. After a short time, rhombic crystaU of cobaltic thiocyan-
atooxalatotriammine deposit.

[(C,0<)H,0Co(NH,),)NO, KSCN
[(Ct04)CoSCN(NH,),l + KNO, + HtO

A. Berner, E. Bindschedler and C. Backup, Ano., 406, 236 <1214)

(Co(NOt),en,)NO,

m-669
2 Grams of cis dinitritodiethylenediamino cobaltic nitrate are dis-
solved in 20 cc of water and 6 grams of potassium thiocyanate added.
Cis dinitritodiethylenediamino cobaltic thiocyanate precipitates. It
is recrystallised from hot water and the compound is obtained as
lustrous yellowish brown tablets.

[{NO,),Co(Cai,N,)»]NO, + KSCN
({NO,)*Co(CiHJ^,)tJSCN + KNO,

A. Werner and L. Coho, Ann., 366, 249 (1012) m
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KSCN
[Co(NO,)ien,INO»

Iir-690

12 Grams of trans dinilritodiethylenediamino cobaltic citrate are dis-

solved in 150 Gc of warm water and 9 grams of solid potassium

thiocyanate added . Trace ni tritoUotbiocyanatodiethylened iamino

cobaltic thiocyanate precipitates.

[(NO,)iCo(C|H|Ni),)NO, + 2KSCN
[NQ>NC^Co(CtH|Nt)t]SCN + KNO, + KNO,

A. W«rner and N. GosIidKi Ann., S86, 241 (1912) ^

[Co{NH,)4(NO,),)NO,

K,Cri07 in-691

Orange-yellow crystals of davo cobalt dichromate are obtained when

a concentrated solution of flavo cobalt nitrate reacts with a saturated

solution of potassium dichromate.

2[(NO,)rCo* (NH,)4lNO, + K,Cr,0,

[(NO,)rCo (NH,)4|rCr>Q, + 2KNO,

S. M. JSrgenMn, Z. anorg. Chem., 6, 147 (Ig94)

|Co(NH,)4(NO,),1NO,

K^PtCh III-692

Brown crystals of Davo cobalt chloroplatinite are obtained when a

solution of flavo cobalt nitrate reacts with a solution of potassium
chloroplatinite.

2((NO,)rCo-(NH,)4lNO, + K,PtCl4

[(HO>)t Co (NH,)4l> PtCh + 2KN04

S. M. JCrfensen, Z. anorg. Chen., 9, 147 (1S94)

(CofNH,),C,04HjO]NO,
NHj m-693

1 Gram of oxalatoaquotriamminocobaltic nitiate is dissolved in 20 cc
of warm water, cooled and 15 cc of 25% ammonia added. A bluish
red precipitate forms which is filtered off, washed with water and
alcohol then dried over sulfuric acid. The compound formed is

cobalt hydroxooxalatotriammine. It is insoluble in water, alcohol
and ether as well as dilute acetic acid.

[(C804)H,OCo(NH,)JXO, -I- NH,
^KCsOOOHCoO^IOj) + NH4NO3

A. Wem«r, E. Bindschedler and C- Sackur, Ann., 406. 227 (1914) go
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(I.H0.SO,
[CONO.NO..JNO.

ill

''IT
‘^‘“li^bylenecliamino cobaltic nitrate aredi^lved in 10 cc o hot water, the solution filtered and cooled.Solid ammonium sulfate is added in the ratio of 0.7 gram for each

flco'hol’^- -1
has dissolved,

alcohol 18 added until the precipitate just fails to redissolve Abright yellow precipitate forms which is recrystaltised from 509'
alcohol and bright orange needles of trans nitritoaquodiethylent
diamino cobaltic sulfate deposit.

'

2(NO,NO,Co(C,H,N,)JNOi + (NH,)>SO. + HiO
^ (NO,H,OCo(C,H»N,),]^Oi + 2NH.NO,

A. Wemer &Qd L. CoIlo, Ann., S6€s 250 (1912)

III-694

(NH.),SO^
(Co(NH,),C,04Ht0iN0,

III-696
8 Grams of oxalatoaquotriamminocobaltic nitrate are dissolved in 160
cc of water and a solution of 10 grams of ammonium sulfate in 40 cc
of water added. A crystalline precipitate forms. It is washed with
cold water and dried. Yield 7 grams of oxalatoaquotriamminoco-
baltic sulfate. It is purified by recrystallisation from water acidi-
fied with acetic acid. The crystals have one HiO.

2[{C,04)H,OCo(NH,),]NO, + (NHOtSOi
l(Ci04)HtOCo(NH,)tl,S04 + 2NH4NO,

A. ^urn«r, E. Biuducbedlcrsnil C. Sackur, Aao., 406, 233 (1914)

(NH4),S04
[Co{NH,)4(NO,)»)NO,

ni-696
Yellow crystals of flavo cobalt sulfate are obtained when a solution of
flavo cobalt nitrate reacts with a diluted solution of ammonium
sulfate.

21(NO,),-Co(NH,)i]’NO, + (NH,),SO,
-» [(NO,),-Co(NH»)i]»SO, + 2NH,NO,

8. M. JorgcnsCD, Z. ssorg. Cbcm., S, 147 (1894)
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HaNO)

[Co(NH,),(NO,)i)NO,
III-697

A solution of Have cobalt nitrate will react with sodium nitrite and

acetic acid at boiling temperature yielding a yellow precipitate.

2[(NO,),Co(NHj)4]NO, + 4NaNO, + 2CtHiOt

- (NO,)rCo (NH,)i-(NO,), (NH,)i-Co(NOi)j + 2NaNO,

+ 2NaC,H,0, + Nj + 4HtO

8. M. Jorgensen, Z. snorg, Chem., i, 147 (1894) fS

[Co(NH,),C,0,H,0)NO,

NaaSjO, 111-698

3 Grams of oxalatoaquotriamminocobaltic nitrate are dissolved in 60

cc of water, cooled and a solution of 8 grams of sodium dithionate in

45 cc of water added. The precipitate which forms is washed with

cold water in which it is practically insoluble. It is recrystallised

from water by dissolving 2.5 grams in 200 cc of hot water containing

acetic acid, Altering and allowing to cool slowly. Bordeaux red

crystals of oxalatoaquotriamminocobaltic dithionate are formed.

2I(C,Oi)H,OCo(NH,),)NOi + Na,SiOe

^l(CA)H,OCo(NH|),I,StOe -f 2NaNO,

A. Werner, E. BiDdechedter tad C. Seckur. Ann., 406, 232 (1914) eO

(Co(NH,)4(NO,),lNOe
Na4Co(NOj)i 111-699

A solution of flavo cobalt nitrate will react with a solution of sodium
cobaltinitrite yielding yellow colored crystals.

3[(NOi)rCo(NH,),)NO, + Na,Co(NO,),

[(NO>)t- Co(NH<)<lr (NO,}|« Co + SNaNO,

8, M- Jorgeasen, Z, aoorg. Chem., 6, 147 (1894) og
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AgNO,

NasSsOt

(CoNH,aen,l(NOi),

ni-600

A di ute solution of trans chloroaniminodiethylenediamino cobalticmtrote 18 treated with 2 moles of silver nitrite, the solution heated
until ’t becomes a pure yellow color, filtered and solid sodium dithio-

ammmodiethylenediamino cobalUc nitrite is precipitated Thesetwo isomers may be separated by fractional solution. The trans salt
18 more soluble than the cis and the trans may be precipitated from iu
solution as large prisms. The cis form is obtained by further addition
Of scKiium dithionate.

(a) (aNH,Co(C,H,N0,)(NO,), + SAgNO,
^ (NOiNH,Co(CiH,N,),)(NO,), + AgCl + 2AgNO,

(b) [NO,NH.Co(C,HJ^.),)(NO,), + Na,S,0.
-* (NOtNH,Co(C,H,N,),IS.Oi + 2NaNO,

A. Werner and R. Schmidt, Ana., 386, 174 (1912)

AfNO^
[CoH,ONCSen,l(NO,),

in-601
An excess of a concentrated aqueous solution of silver nitrate is added
to a cold concentrated aqueous soluUon of trans aquoisothiocyanato-
diethylenediamino cobaltic nitrate. The color of the solution changes
from violet to bright red and bright red needles of the rilver nitrate
double salt precipitate. The compound may be recrystallised from
cold water by tbe additioo of silver ziitrate solution.

(H,ONCSCo(CiH,N,)J(NO,), + 2AgNO,
IAg,SCNH,OCo(C,H,N,),](NO,)*

A. Werner and R. Schmidt, Ann., SS6, 163 (1912) SO

[Co(NH,)tSCN)(NO,),

in-602
When silver nitrate is added to a solution of isothiocyanatopentam-
niino cobaltic nitrate, an addition compound precipitates out as
yellow leaflets. No silver can be precipitated from this compound by
addition of hydrochloric acid.

[8CNCo{NH,)*I(NO,), + AgNO, lAgSCNCo(NH,)>I(NO,),

T. S. Price and S. A. Bra*ier, J. Chem. Soc. (London), 107, 1716 (1916) 5?
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[CoNH,H,Oeii,J(NO,),

HWO, in-603

liaaSsOt

Trans aquoamminodietbyleoediamlDo cobaJtic nitrate is added to

concentrated nitric acid and the solution evaporated to dryness on the

water bath. The residue is a mixture of cis and trans nitratoam-

minodiethylenediamino cobaltic nitrate with the trans form pre-

dominating. The residue is dissolved in water and solid sodium

dithionate added. The cis isomer precipitates as an orange colored

powder. This is filtered off and the filtrate allowed to crystallise.

After several hours the trans form deposits as orange needles.

(a) IH,ONH|Co(CtH|N,),)(NO,),

-*(NO,NH,Co(C,H|N,)J(NO,)t + HtO

(b) [NO,NH,Co(C,HaN,),J(NO,), -h NatS,Oi

(NO,NH,Co(C,H|N,),lSiO* + 2NaN0,

A. Weraer aod C. Rix, Ann., aSS, 215 (M2) £0

[CoNII,NO,ent](NO,),

KBr Ill-eOi

Solid potassium bromide is added to a concentrated aqueous solution

of trans nitritoamminodiethylenediamino cobaltic nitrate and a
brownish yelJow precipitate forms. It is recrystallised from hot
water and trans nitritoamminodiethylenediamino cobaltic bromide is

obtained as short dark brown thick crystals.

[NO,NH,Co(C,H|N,),lfNO,), + 2KBr
[NO,NH,Co(C,H,N,),)Br, + 2KNO,

A. Warner and W. Boes, Ann., a$6» 226 (1012) pq

(CoNHjNOteniKNO,),

111-606

2,3 Grams of trans nitritoamminodiethylenediamino cobaltic nitrate
are dissolved in 7 cc of water and 4 grams of potassium iodide added.
A yellow crystalline powder precipitates. This is removed by
filtration, dissolved in 12 cc of hot water and allowed to crystallize.
Trans nitritoamminodiethylenediamino cobaltic iodide deposits as
lustrous long black prisms with one HjO.

(NOjNH,Co(C|H,N,)j](NO,), + 2KI
— lNO,NH,Co{C,H,N,),IIs + 2KNO,

A. Weraer and W. Boea, Ann., 386, 225 (1912)
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[CoNHa^OMj(NO,),
KSCN in-606

5 Grams of trans nitritoammiDodiethylenediamino cobaltic nitrate
are dissolved in 20 cc of cold water and 5 grams of solid potassium
thiocyanate added. After a short time a yellow crystalline precipi-
tate forms. It is dissolved in 15 cc of warm water acidified with
acetic acid and lustrous brownish yellow thick plates of trans nitrito-
amminodielhylenediamino cobaltic thiocyanate form as the solution
cools.

[NO,NH,Co(CiH,N,),)(NOi)t + 2KSCN
-^lNO*NH,Co(C,H|N,),)(SCN), + 2KNO,

A. Werner sad W. Boee, Ann., 3SS, 226 <1212) go

ESCN
(CoNHiNOeeneKNO,).

rn-607

5 Grams of trans nitritoamminodiethylenediamino cobaltic nitrate are

dissolved in 20 cc of water, 5 grams potassium thiocyanate and 5 drops

of 10% potassium hydroxide added and the solution heated until the

odor of ammonia disappears. Upon cooling, crystals of trans nitrito-

isoihiocyanatodiethylenediamino cobaltic thiocyanate and trans

diisotb iocyanatodietbylenediamino cobaltic thiocyanate deposit.

These crystals are removed by filtration triturated with hydrochloric

acid and allowed to stand some time and the difficultly soluble trans

diisothiocyanatodietbylenediainino cobaltic chloride removed by
filtration. Addition of alcohol to the filtrate causes the precipitation

of trans nitritoisothiocyanatodiethylenediamino chloride as needle

crystals. This chloride is dissolved in water and solid potassium

thiocyanate added. Trans nitritoisothiocyanatodiethylenediamino

cobaltic thiocyanate precipitates and is recrystallised from hot water.

(a) 2[NOtNH|Co(C,H*N,),|(NOi)t + 5KSCN
^ (NO,NCSCo(C,H,N,),18CN + [(NCS),Co(C*H,N0i]SCN

-h 4KN0, + KNOj + 2NHi

(b) I(NCS)jCo(C,H,N,),)SCN -|- HCl
^ ((NCS)tCo(C,H4N,)tlCl + HSCN

A. Werner and N. Gosling, Arm., S66, 242 (1912)
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(CoHtOBr«i,J(NO,),

N&Br ni-606

10 Grams of cis bromoaquodiethyleDediamino cobaltic nitrate are

dissolved in 20 cc of water with the aid of heat. The solution is

cooled, Altered and solid sodium bromide added to the filtrate until

precipitation is complete. Blue violet crystals of cis bromoaquo-
diethylenediamino cobaltic bromide deposit. The yield is 5.5 grams.

(BrH,OCo(C,H*N,),l(NOj)> + 2NaBr
iBrH*OCo(C,Ha^,),jBr, + 2NaNOi

A. Werner and R. Schmidt, Ana., 3S6, 127 (1912) sO

[CoHtONCSen,KNO,)r
NaNOj ni-609

A cold saturated aqueous solution of trans aquoisothiocyanatodietbyi-
enediamino cobaltic nitrate is treated with solid sodium nitrite and
trans aquoisothiocyanatodiethyicnediamino cobaltic nitrite precipi-

tates as a dark violet red powder. The compound is fairly stable.

IH,ONCSCo(G,H,N,),)(NOOi + 2NaNO,
— |H.QNCSCo(C,H.N,),l(NQ,), + 2NaNO,

A. Weraer and R. Schmidt, Afut., $96. 161 (1912) go

(CoH,ONCSen,I(NO,),

III-610

A concentrated aqueous solution of trans aquoisothiocyanatodiethyl-
enediamino cobaltic nitrate is acidified slightly with acetic acid and
solid sodium nitrite added while stirring until the color of the solution
becomes bright red and a bright red precipitate forms. The precipi-
tate IS removed, dissolved in cold water and crystals of trans nitrito-
isothiocyanatodiethylenediamino cobaltic nitrite are reprecipitated by
the addition of sodium nitrite.

[HjONCSCo(CiHaNj),]{N04), -h 2NaNO,
“-[NO:NCSCo(CiH|N,),]NOt+ 2NaNO, + HjO

A. Weraer and R. Schmidt, Ann,, 366, 162 (1912)
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[CoNH,NO,en,]{NO,),

NatS^Oe in-6U

Solid sodium ditbioDste is added to an aqueous solution of cis nitrato*

ammoDodiethyleDediamino cobaltic nitrate and the insoluble precipi*

tate filtered olT and dried. It is cis nitratoacnminodiethylenediamino

cobaltic dithionate and crystallises with one H}0.

lNO,NH,Co(C,H,N,),](NO,), + Na^tO.
[NO,NH,Co(C,H|Ni),lS,0, + 2NaNO,

A. Werner and C. Rix, Ann., MS, 215 <1912) eO

[CoNH»H«OeDi|(NOi)i

HNOi m-612

Cis aquoamminodiethylenediamino cobaltic nitrate is added to con-

centrated nitric acid and the solution evaporated to dryness on the

water bath. The residue is dissolved in a small volume of water and

allowed to stand. Cis nitratoamminodiethylenediamino cobaltic

nitrate deposits as small orange red lustrous crystals which may be

purified by recrystallisation from hot water.

[H,ONH,Co{C»H,N,)J(NOi)i
[NOiNH,Co(CtHiN,)»I(NOi)i + H,0

A. Werner tnd C. Rix. Ann.. SSS, 214 (1012) SO

[Co(NOOfeDtl(NOi)i

HNOi ni-618

Dinitritodietbylenediaiiunocobalt trinitrate is dissolved in nitric acid

(sp. gr. 1.4) and heated on the water bath until no more nitric oxide is

evolved and the solution becomes dark red in color. The solution is

evaporated to dryness, dissolved in hot concentrated nitric acid and

placed in a desiccator over potassium hydroxide. Dark red triclinic

crystals of dinitratodiethylenediaminocobalt trinitrate form.

ICo(NO,),(C,H,N,),l(NO,)* + 2HNO,
[Co(NO,)i(C:H»N,)*1(NO,)4 + HtO + NO* + NO

A. Werner and C- Kreutaer, Ann., $61, 79 (1907) ^
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(Co(NH,),eiiJ(NO,),

K1 III-614

7 Grams of diamminodiethylenediamincohalt trinitrate ai'e dissolved

in 25 cc of hot water and healed to G0\'. 20 Grams of potassium
iodide are added and, after a short time, bright yellow crystals of diam-
minodiethylenediamino cobalt triiodide form.

(Co(NH,)i(C,H.N,),](NOi), + 3KI
-[Co(NH,),(C,H,N,),ir, + 3KNO,

A, Werner and C. Kreutser, Ann., 851, $1 (1907) 20

[CoBrNC«endSCN
HBr ni-615

Trans bromoisothiocyanatodiethylenediamino cobaltic thiocyanate is

triturated with concentrated hydrobroraic acid. The solid dissolves

and the aolution soon sets to a solid mass of bluish red crystals which
after 20 minutes are pressed on a porous plate. The process of
trituration with hydrobromic acid is repeated and the residue wa.shed
free of acid with alcohol and dried by washing with ether. The
precipitate is recrystallised from hot water and dark blue prisms
of trans bromoisothiocyanatodiethylenediamino cobaltic bromide
with two H 9O deposit.

[BrNCSCo{CiHiN,>,)SCN + HBr
^(BrNCSCo(C,niN,),)Br + HSCN

A. Wernw and R. Schmidt, Ann.. 586, 146 (1912) ^

(CoClNCSentlSCN
**

III

Trans chloroisothiocyanatodiethylenediamino cobaltic thiocyanate is
triturated with hydrobromic acid and the resulting precipitate pressed
on a porous plate. This residue is dissolved in a small volume of
water and concentrated hydrobromic acid added when small lustrous
blue violet crysUls of trans <.'hloroisothioc3'anatodiethylcnediamino
cobaltic bromide deposit. They are recrystallised from hot water
and these crystals contain two HtO. The compound dissolves easily
JO water to form a blue violet solution.

[ClNCSCo(C.HaN,),lSCN + HBr
iaNCSCo(C*H4N,),)Br + HSCK

A. Werner And R, Schmidt, Ann., 586, 133 (1912)
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ICoOHeoiISCN
HBr I1I-617

Trans hydroxoisothiocy&natodieihylenediamino cobaltic thiocyanate

is added to a small volume of water and an excess of concentrated

hydrobromic acid added. The solution is allowed to concentrate in a
vacuum over sulphuric acid. Dark red crystals of trans aquoisothio*

cyanatodietbylenediamino cobaltic bromide with two H)0 deposit.

[OHNCSCo(C,H|Nt)»]SCN + 2HBr
(NCTH,OCo(C,H.N,),]Bri + HSCN

A. Werner and R. Schmidt, Aan., 366, 160 <1912) so

[CoOHNCSen,|SCN
HBr in-618

KSCN

Trans hydroxoisothiocyaDatodiethylenediamino cobaltic thiocyanate

is treated with concentrated hydrobromic acid and the acid removed

by evaporation. The aqueous solution of the residue is then treated

with solid potassium thiocyanate and dark green crystals of trans

bromoisothiocyanatodiethyleoediamino cobaltic thiocyanate depout.

The salt is soluble in concentrated hydrobromic acid to give a violet

solution.

(a) lOHNCSCo(C,H*N,),lSCN + 2HBr
^ (BrNCSCo(C,H|Ni)t]Br + H,0 + HSCN

(b) [BrNOSCo(C,H,N,),lBr + KSCN
^ (BrNCSCo(CtH|Nt)i]SCN + KBr

A. Werner and It. Schmidt, Ann., 986, 159 (1012) $0

lCoClNO,eni)SCN

(HCJJiO:) III-819

20 Grams of cis chloronitritodiethylenediamioo cobaltic thiocyanate

are dissolved in water acidified with acetic acid by heating on the

water bath. Heating is continued until the volume of the solution

is reduced to one half the ori^pnal. During this concentration the

color changes from red to red brown then to brown and, upon cooling,

brow'nish yellow cr3'sta]s of cis nitritoisothiocyanatodiethylene-

diamino cobaltic chloride with one HtO separate.

[aNO,Co(CtH.N,)iISCN INO*NCSCo(C»HjNj)*lCl

A. Werner and C. Rix, Ann., 986, 231 (1012) go
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[CoNOiNCSen,lSCN
HCl in-620

5 Grams of cis nitritoisotbiocyanatodietbylenediamino cobaltic thio-

cyanate are dissolved in 100 cc of water slightly acidified with acetic

acid by heating if necessary. 1.5 cc of concentrated hydrochloric

acid when added drop>«*i8e, precipitation begins almost immediately.

The solution is warmed on the water bath and gas is evolved. The
color changes from brown to dark red. The solution is filtered and
the filtrate concentrated on the water bath. It changes to a red

violet color and a red precipitate forms. It is rccrystallised from hot
water acidified with acetic acid and red needles of cis diisothiocyanato*

diethylenediamino cobaltic chloride with one half HtO deposit.

2(NO|NCSCo(C,H,N,),]SCN + 4HCJ
-»[(NCS),Co(C,H*Nt)*lCl + (Cl,Co(C,H,Nt),ICl + 2HNO,

+ 2HSCN
A. Wern«r and C. Rix, Ann., S86. 195 (1012) SO

[CoNO,KCSen,lSCN
‘ m-621
2 Grams of cis nitroisothiocyanatodielhylenediamino cobaltic thio-
cyanate are dissolved io 40 cc of water acidified with acetic acid by
heating on the water bath. Hydrochloric acid is added dropwise until
crystallisation begins- Gas is evolved from the decomposition of
nitrous acid and the color of the solution changes from brown to dark
red. Dark red crystals of cis diisothiocyanatodiethylenediaraino
cobaltic chloride with one half H.O deposit. The salt may be
recr3^tallized from hot water containing acetic acid.

[NO,NCSCo(C,H,NO,ISCN -|- HCl
^ ((NCS),Co(C,H,N.),ICl HNO,

A. Werner and C, Rix, Ann., 366, 238 (1912) on
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(CoNO,NCSen,)SCN
HCl III-622

6 Grams of cis nitritoisothiocyanatodiethylenediamino cobaltic thio-
cyanate are dissolved in 20 cc of concentrated hydrochloric acid by
beating. The solution is filtered and alcohol added to the filtrate.

The precipitate which forms is recrystallised from a small volume of

warm water and reddish brown tablet-like crystals of cis nitritoiso-

ihiocyanatodiethylenediamino cobaltic chloride with one HjO deposit.

[NO,NCSCo(C,HtN,)i]SCN + HCl
^ (NOtNCSCo(CtH,N,),]Cl + HSCN

A. Wcmer tad N. Gosling, Ana., Se6» 243 (1912) fo

(CoBrNCSentjSCN
HCIO, m-623

2 Grams of trans bromoUothiocyanatodiethylenediamino cobaltic

thiocyanate are triturated twice with concentrated perchloric acid and
allowed to stand for a few minutes. The residue is pressed on a

porous plate and then washed with alcohol and ether. It is then

recrystallised from warm water and dark blue fine needles of

trans bromoisothiocyanatodlethylenediamino cobaltic perchlorate are

deposited.

lBrNCSCo(CjHiNi)t]SCN + HCIOi
-^[BrNCSCo(CtH,N,)tlCl04 + HSCN

A. Weraer sad R. Sebmidt, Aon.» SeS, 148 (1912) SO

[CoOHNCSen,lSCN
HNO, UI-e24

NH«NO,

Trans hydroxoisothiocyaDatodiethylenediamino cobaltic thiocyanate

is dissolved in dilute nitric acid, the solution filtered, solid ammonium
nitrate added and the mixture triturated. The resulting mass is

dissolved in water and several volumes of alcohol added. Blue red

needles of trans aquoisothiocyanatodiethylenediamino cobaltic nitrate

with one HjO deposit.

[NCSOHCo(C,HiN,),]SCN + HNO, + NH4NO,
[NCSHtOCo(C,H|N,),](NO,), + NH4SCN

A. Werner sod R. Sebmidt, Ann., 386, 161 (1912) tO
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[CoQNCSen,ISCN

H,0, IU-626

HCl

BaCL
4 Grams of trans chloroisothioeyanatodiethyleoediamino cobaltic

thiocyanate are covered with 6 cc of water and 2 cc of dilute sulfuric

acid (1:3) added with cooling. 10 cc of concentrated hydrogen
peroxide are added, the solution stirred and allowed to stand 2 hours.

Concentrated hydrochloric acid is added and the solution concentrated
on the water bath. Upon cooling, bright red leaflets of trans chlo*

roamminodiethylenediam ino cobaltic chloride*6ulfate precipitate.

These are recrystallised three times frbm concentrated hydrochloric
acid. Thick red crystals are obtained which still give a strong
reaction for sulfates. These crystals are dissolved in water and a
dilute solution of barium chloride added as long as a precipitate forms.
The solution is filtered to remove barium sulfate and concentrated
on the water bath. Alcohol is added to the filtrate and bright red
prisms of trans chloroamminodiethylenediamino cobaltic chloride
with one H*0 deposit- The salt is very soluble in water.

(a) 2[CISCNCo(C*HiNi)tlSCN + 8H,0, -f- 2HC1 + HtSOi
-[ClNH,Co(CtH|N,>,l,atS04 + 2II^Oi + 2CO, + 4HtO

+ 2HSCN
(b) (CINH,Co(C,H|Nr),l,ClrS04 + BaCI,

— 2(CINH,Co(C,H.N*),]CU + BaSQ^

A. Werner and R. Schmidt, Ann,, SSS, 170 (1912)

ICoClNCSenJSCN
^ in-626
Trans chloroisothiocyanatodiethylenediamino cobaltic thiocyanate is

treated with a concentrated aqueous solution of potassium hydroxide
(1:4) and the mixture warmed slightly. The salt dissolves to form
an intensive red colored solution and brownish red leafy crystals
separate. Cooling the solution increases the yield. These crystals
are removed, washed thoroughly with alcohol and ether then recrystal-
lized from dilute potassium hydroxide solution. The compound
formed is hydroxoisothiocyanatodiethylenediamino cobaltic thio-
cyanate (trans form). The crysUU have one H,0 and dissolve in
water to form alkaline solutions.

[NCSClCo(C,H.N,),lSCN + KOH
(OHNCSCo(C,H,N.),]SCN + KCl

A. Weroer and R, Schmidt. Ann., 366. 158 (1912) m
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[CoaNCSeDjSCN

111-627

ESCN

Dry trans chloroisothiocyan&todiethylenediamiDo cobaltic thio-
cyanate is treated with sufficient liquid ammonia to form a solution.
The ai^onia is allowed to evaporate and an orange red mass remains
which is taken up in warm water acidified with acetic acid. As this
solution cools, the difficultly soluble trans isothiocyanatoammino-
diethylenediamino cobaltic thiocyanate depouts. This compound is
removed and solid potassium thiocyanate added to the filtrate when
cis isothiocyanatoamminodiethylenediamino cobaltic thiocyanate
deposits.

[ClNCSCo{C,HiNO,ISCN H- NH. -f KSCN
-[NCSNH,Co(C,H|N,)J(8CN>, -h KCl

A. Werner end C. Rix, Ann.. SS6, 206 (1912) #0

(CoNH,NCSen,](8CN),
HBf I1I-62S

NasSsOe

Trans isothiocyanatoamminodjethyleDedianiino cobaltic thiocyanate

is added to concentrated bydrobromlc acid and triturated. The
residue is pressed on a porous plate, washed with alcohol and dis-

solved in a small volume of water. Solid sodium dithionate is added
and the precipitate which forms is recrystallised from hot water.

Trans isothiocyanatoamminodiethylenediamino cobaltic bromide
dithionate deposits as brownish red prisms with two H»0.

2[NCSNH,Co(C,H|N,),](SCN), + 2HBr -h Na,8,0*

[NCSNH,Co(CtHeN,),)tBr, S,Oi + 2NaSCN H- 2HSCN
A. Werner and C. Rix, Ann., 966, 210 (1912) to
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(CoClNCSeniKSCN),

NHi ni.629

KSCN

Trans chloroisothiocyanatodiethyleDediamino cobaltic thiocyanate is

treated with li(^id ammonia and the ammonia allowed to evaporate.

The residue consists of both the trans and cis isomers of isothio-

cyanatoamminodiethylenediaroino cobaltic thiocyanate. The trans

compound is deposited from the solution of the mixture in warm water

slightly acidihed with acetic acid but considerable potassium thio-

cyanate must be added to the filtrate from the solution, after removal

of the trans salt, to precipitate the cis salt. The cis form is recrys-

tallised from hot water and is obtained as red orange needles.

(ClNCSCo(C,H|Ni)i]SCN + NH, + KSCN
^[NCSNH,Co(C,H.N,),l(SCN), + KCl

A. Wemer and C. Riz, Ann., S8S, 210 (1012) SO

{CoNH,NC8en,KSCN),
NHJ III-630

Trans isothiocyanatoarominodiethyicnediamino cobaltic thiocyanate
is added to a small volume of water and solid ammonium iodide

added. The mixture is triturated and the residue sucked dry. It is

recrystallised from hot concentrated aqueous solution and small
cherry red ciystals of trans isothiocyanatoaraminodiethylenediamino
cobaltic iodide with one HtO are obtiuned.

[NCSNH,Co(C,HiNt),l(SCN), + 2NH,l]

(NCSNH,Co(C,H,N,)*)I, + 2NH,SCN
A. Werner and C. Riz, Ann., 3$6, 210 (1912) 20

(CoNHiNCSend(SCN)i
NasSjO«

jjj

Solid sodium dithionate is added to a solution of cis isothiocyanato-
ammmodiethylenediamino cobaltic thiocyanate and the difficultly
soluble cis isothiooyanatoamminodiethylenediamino cobaltic dithio-
nate precipitates. It is recrystallised from hot water and obtained
as orange red leaflets.

[NCSNH,Co(C,H.N,),](SCN), + Na.S,0.

-» lNCSNH,Co(C,H,N,),ISjO, -
1
- 2NaSCN

A. Weroer sod C- Ri*, Aim., 886, 207 (1912)
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(CoClHsOeiitlSO^

Cis chloroaquodlethylenedlamino cobaltic sulfate is dissolved in
ammonium hydroxide and concentrated hydrobromic acid added
Cis chlorobromodiethylenedismlno cobaltic bromide is precipitated.

(Cl(H,0)Co(C,HsN,),lSOi + 2HBr
^ lCl(H,0)Co(C,H|N,),)Br, + H,SO,

A, Werner, L. Cerb, 8. 1«ri«*nd J. RnpipoH, Ann., 386, 123 (1912)

HCl
(CoaH,Oen,|S04

1IL633
25 Grams of cis chloroaquodiethylenediamino cobaltic sulfate are
treated with 30 cc of concentrated hydrochloric acid. The sulfate
dissolves to form a dark red solution from which red violet crystals of
cis chloroaquodiethylenediamino cobaltic chloride deposits, The
salt is easily soluble in water to form a reddish violet colored solution.

(Cl(H,0)Co{C,HeN,),)S04 + 2Ha
-[CI(HtO)Co(CtHiN,),lCli + HjSO^

A. Werner, L. Gerb, 8, I^rie and J. Rapiport, Ann,, 388, 123 (1912)

[Co(NH,),CI(HtO),lS04

ni-634

Hexamminotrioldicobalt sulfate is prepared by leaving chlorodiaquo>
triammino-cobalt sulfate with potasrium bromide for several days at
ordinary temperature.

4[Cl(HtO)r(NH,)4ColSO* + 6KBr
+ 5H,0 + 4KCI + [(NH,),Co{OH),-Co(NH,),)l,(S04),

+ (3HBr + 1.6 Br,)

A. Werner, Ber, 40, -1605 (1907)

Ref.. A. MeKenrie. J. Chem. Soc. (London), 84:2, 42 (1908) S7

[Co(NH,),CI(H,0),I804
NaOH ffl.636

Chlorodiaquotriamminocobaltic sulfate reacts with sodium hydroxide
solution yielding trihydroxodicobalthexammino sulfate.

4[Co(H,0),(NH,),CI1S04 + 6NsOH
-»[Co,(OH),(NH,)4l,(S04h + Na^Oi + 4NaCl + (8H,0)

A. Werner, Ber., 40, 4834 (1907)

Ref., J. J- Sudboroufh, J, Chem. Soc. (London), 94:8, 43 (1908) S7
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[CoNH,NCSeik,]S*04

AfKO, III-636

1.1 Grams of cis isothiocyanatoamminodiethylenediamino cobaltic

ditbiooate are added to 90 cc of water 2.5 to 2 equivalents of silver

nitrate la aqueous solution added and the solution warmed until

solution is complete. The solution is filtered quickly and the filtrate

allowed to stand. Small lustrous yellow crystds deposit. These are

washed with alcohol and ether. The salt is cis ^ver isothiocyanato

amminodiethylenediamino cobaltic nitro dithiooate.

INCSNHjCo(C4HiNi)iP,04 + AgNO,
->lAgSCNNH,Co{C,H,N,),lN03 S,0*

A. Wemer and C. Kix, Ana., 355, 209 (1912) gO

[CoNH,SCNeD,lS,04
AgNO, in-637

When silver nitrate solution is added to isothiocyanatoammino-
diethylenediaminocobaltic ditbionate, golden yellow crystals of an
addition compound are precipitated.

[SCNCo(NH,C,H4NH,)tNH,)S,04 + AgNO,
^ 18CNCo(NHtCtH4NH>)>NHa]StOiAgNO»

T. 8- Price and S. A. Bratier, J. Chem. 8oc. (London), 107, 1715 (1915) S7

[CoH,ONCSen»lSiO*
AgNOa 1II-638

HCIO 4

Cis aquoisothiocyanatodiethylenediamino cobaltic dithionate is dis-
solved in a small volume of water slightly acidified with acetic acid
and a concentrated aqueous solution of silver nitrate added. The
color of the solution changes from red orange to yellowish and, upon
addition of perchloric acid, an orange precipitate forms. This is
removed, washed with alcohol, dissolved in a small volume of water
and reprecipitated by the addition of perchloric acid. Orange crys-
tals of cis aquosilverthiocyanatodiethylenediamino cobaltic per-
chlorate with two HjO deposit.

(HsONCSCo(CsH|N*),lSjO* + AgNO, -h 2HCIO4
-[H,OAgNCSCo(C,H|N,)JNO,(CI04), + nSiO,

A. Wemer and R. Schmidt, Ajin., 866, 157 (1912) ^
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ICoNH|NOieni]SsOt

111-639
HCl

Trans nitritoaimniDodietliylenediamino cobaltic dithionate is evapo-
rated to dryness several times with concentrated hydrochloric acid
The original yeUow colored solution changes to red as the reaction
progresses. As the solution cools, ruby red plates of trans nitrito-
amminodiethylenediamino cobaltic chlorobisulfate deposit. Aque-
ous solutions of the salt have a strong acid reaction.

[NO,NH,Co(C,HJ^.),)S^. + HCl
- (NO,NH,Co(C,H.N,).1C1HS04 + SO,

A. Werner and R. Schmidt, Ann.. 886, 173 (1912)

[CoHtONC8eDt]iSiOe

m-eio
HC104

LiNOj

1.5 Grams of cis aquoisotbiocyaDatodiethyleoedtaraiDO cobaltic
djtbioDate are added to 5 cc of concentrated hydrochloric acid and the
aotution warmed until the liquid has assumed a violet red color.
Absolute alcohol is added and the violet red precipitate is pressed on a
porous plate. This residue is rubbed with perchloric acid, absolute
alcohol added and the precipitate of the perchlorate dissolved in a
small volume of water, then lithium nitrate added. Cis chloroiso-

thiocyanatodiethylenediamino cobaltic nitrate precipitates as a dark
red powder which is recrystallised from hot water and dark red crys-
tals of the compound are obtained.

(a) [NCSH,OCo(C,H|N,),),S^, H- 4HC1
^ 2(NCSClCo(CtH|Ni)da + H,S*Oi -h 2H,0

(b) [SCNClCo{C,H,N,),JCl + HCIO*
-ISCNCICo(CiH,N,),)C104 + HCl

(c) [SCNClCo(C,HJS%),IClO* H- LiNOj
^ lSCNClCo(C,H|N,),lNO, + LiC104

A. Werner aad R. Schmidt, Ann., 866, 156 (1912) $0
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lCoH,ONCSen,lS,Oi

CK ni-641

Ois isothiocyanatoaquodiethylenediamino cob&ltic dithlonate in

concentrated aqueous solution is treated with potassium thiocyanate

and the solution heated then allowed to stand. The color of the

solution changes to red and red crystals of eis isothiocyanatodiethyl-

enediamino cobaltic ditbionate deposit.

2[NCSH,OCo(CiH«N,)i1S,04 + 2KSCK
((NCS),Co(C,H»N,)il*S,Oe + 2H*0 + KStO^

A. Werner and R. Schmidt^ Ann., 366. 157 <ldl2) ^

[CoNH,Breni|SiO,

VUil III<&42

11.5 Grams of trans bromoamminodiethylenediamino cobaltic

dithionate are mixed with 23 cc of cold water and added to a solution

of 60 grams of ammonium iodide in 42 ec of water. The dithionate

d issolves and a brown precipitate forms. Th is precipitate is removed

,

dissolved in 250 cc of cold water and 60 grams of ammonium iodide

added. Reddish brown lustrous needles of trans bromoammino-
diethylenediamino cobaltic iodide with one HtO deposit.

[BrNH,Co(C»H*N,),JS,0* + 2NH,I
[BrNH,Co(C,H,N,)JI, + (NH4),SiOa

A. Werner and W. Boee, Ann., $ee. 183 (1912) go

{CoNH,NCSen,lS,Oi
NH4 111-643

Cis isotbiocyanatoamminodiethylenediamlno cobaltic dithionate is

suspended in water, solid ammonium iodide added and the mixture
triturated. The salt dissolves and in a short time an intense red
colored precipitate forms. This is removed by filtration, the residue
sucked dry as possible and then recrystalliaed from a small volume of
water by the addition of ammonium iodide. Short reddish brown,
prismatic crystals of cis isothlocyanatoamminodiethylenediamino
cobaltic iodide deposit.

|NCSNH3Co(C,H|N,),|Sj04 + 2NH 4 I

^ [NCSNH,Co(C,H,N3)dh + {NH*)SiO,
A. Wcnier and C. Rii, Ann,, 3S6, 207 (1912) >q
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[CoH,ONCSenJS,0.
NaNO,

" ‘

‘

jjj

2 Grams of cis aquoisothiocyanatodiethylenediamino cobaltic
dithionate are dissolved in a small volume of water slightly acidified
with acetic acid, 0.5 gram of sodium nitrite added and the solution
warmed until it becomes yellow. The solution is cooled and fine
yellow needles of cis nitritoisothiooyanatodiethylenediamino cobaltic
dithionate deposit. The salt may be recrystallised from hot water.

2(H,ONCSCo(C,H,N,),lS,0. + 2NaNO,
^ [NO,NCSCo(C.H.N,),13.0. + 2H,0 + Na,S,0.

A. Werner and R. Sehmidt, Ann., SSS. 157 (1912)

(CoH,O0HeD>IS,O<

III-646

Tetraethylenediamine-mu-diol dioobaltic dithionate is formed when
hydroxoaquodiethylenediaminocobaltic dithionate is heated to con-
stant weight at 100® to 110*C.

2[H,0OHCo(CjH,N,),IS,O.
^ [(C,H,N,),CoOHOHCo(C,H.N,),](S,0.),

-I- 2H,0
A. Werner, Ann,, 376» $4 (1310)

HKO,
ICoNHjH^ntlX,

in-646

Cis aquoamminodiethyleoediaiiuDo cobaltic salts react with nitrous
acid to form cis Ditritoamminodiethylenediamino cobaltic salts.

(H,ONH»Co(C,H,N,)t)X, + HNO,
-»[NO,NH,Co(C,H|N,),lX, + HX + HjO

A. Werner and W. Bees, Ann., 386, 217 (1312)
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[CoOHBr,eni],

HBf I1I-647

5 Grama of tetraethylenediamine dicobaltic hydroxy dibromide is

added to 10 cc of concentrated hydrobromic acid at — 12*C and the

reaction product pressed on a porous plate. This residue is washed
with absolute alcohol. A mixture of cis diaquodiethylenediaminc

cobaltic bromide and cis dibromodiethylenediamine cobaltic bromide
is formed. These are separated by fractional extraction. The dia-

quo salt is soluble in water while the dibromo salt is much less soluble.

|CoOHBr,(C,HaNt)»|* + 2HBr
^ [Br*Co(C,H.N,),]Br + ((H|0),Co(C,H,Nj)*lBr,

A. Werner, L. Cerb, S. Lone and J. Rapiport, Ann., 3S6. 113 (1SH2) iO

[Cot(NH,)3r4NHijBr
HNO, ni-648

Tetrabromohexamminomuaininodicobalt chloride is triturated with
coDceDtrated nitric acid and quickly filtered- This opei'ation is

repeated two or three times. The compound formed is tetrabromo-
hexamminomuaminodicobaltic nitrate which has two HsO,

[(NH,),Br,CoNH,CoBr.(NH,),lBr + HNO,
-*I(NH,),Br,CoNH,CoBr,(NH,),)NO, + HBr

A. Wernor and 8. Malmgren, Ann., 376, 98 (1910) go

[Co,(NH,)cBr,OiNH,lBr,

* III

Unsymmetrical dibroraohexamminomuaininoperoxodicobaltic bro
mide when treated with liquid ammonia is converted quantitatively
into octaraminomuaminoperoxodicobaJtic bromide.

((NHa),BrjCoNH,0,Co(NH,).)Brt + 2NH,
^ [(NH,),CoNHjO,Co{KHe),]Br4

A. Werner and M. Grigorieff, Ann,, 376, 114 (1910)
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NH|
KiSOi

|Coi(NH,)«Br,OiNH,)Br,

UN6fi0

Symmetrical dibromobexamminomuamingperoxodicobaltic bromide
is treated with sufficient liquid ammonia to completely dissolve the
bromide. The ammonia is allowed to evaporate from the greenish
brown solution, the residue dissolved in water and dilute sulfuric
acid added. Pale green, silvery lustrous crystals of octamminorau-
aminoperoxodicobaltic sulfate precipitate. These arc converted
to the nitrate by triturating with nitric acid.

(a) [(NHa),BrCoNH,0,CoBr(NHi)i)Br, + 2NH,
[{NH,),CoNH,0,Co(NH,),]Br4

(b) [(NH,)4CoNH^,Co(NH,),lBr4 + 2H,S04
-^[(NH,)4CoNHtO,Co(NH,)4)(S04), + 4HBr

A. Werner and M. Gri|oriefl, Ann.. 376, 109 (1910) go

[Co,(NHi)4Br,OHNOtlBr,
NaNO, 111-651

0.5 Gram of dibromohexamminomuolnitrosodicobalic bromide is

added to a saturated aqueous solution of sodium nitrate and solid

sodium nitrate added while the solution is being triturated. After a

few minutes the crystals are removed by filtration and the process of

treatment with sodium nitrate repeated. DibromohexamminomuoN
nitrosodicobaltic nitrate is formed.

((NH,)iBrCoOHNOtCoBr(NH,),lBrt + 2NaNO,
^((NH,)iBrCoOHNO»CoBr(NH,)i)(NO,)t + 2NaBr

A. Weroer and E. Welti, Ann., 376, 129 (1910) to

lCo,(NHi)»BrtOHNO,lBr,

Na^SsOi m-652

0.5 Gram of dibromohexamminomuolnitrosodicobalitc bromide is

added to a saturated aqueous solution of sodium dithionate and solid

sodium dithionate added w'bile the mixture is being triturated. The
crystals are removed by filtration and the crystals again treated with

sodium dithionate. The crystals are dibromohexamminomuotnitro-

sodicobaltic dithionate. The compound is only slightly soluble in

water.

[(NH,),BrCoOHNO*CoBr(NH,)alBr, + Na3*0i
[(NH,),BrCoOHNO,CoBr(NH,)i!SjO« + 2NaBr

A. tVerner end E. Welti, Ann.. 375, 129 (1910) tO
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ICo,(NHi)«OiNH,OH)Br,

205

AfCl ni-663
A concentrated aqueous solution of hexamminorauolaminoperoxo-
dicobaltic bromide >s shaken with freshly precipitated silver chloride
for hour^ filtered and ammonium chloride or alcohol added to
the fiJlrate. Crystals of hexamminorauolaminoperoxodicobaltic chlo-
ride w,th one H,0 precipiule. The compound is crysUllized from a
small volume of water.

[{NH,),CoNH^HO,Co(NH,>,]Br, + 3AgCl
-* ((NH,),CoNH,OHO,Co(NH,),ICI, + 3AgBr

A. Wemer and M. Grigoricff, Ann.. 376, 106 (I810> go

[Co,(NHa),0,NH,OIItBr,
AgNO,

jjj

Hexammiiiomuolmmiiiop«roxodicobaltic bromide is dissolved in
water, the solution cooled and the calculated amount of silver nitratem solution added. The solution is filtered and alcohol added to the
mtrate when dark peen crystals of hexamminomuolaminoperoxo-
dicobaltic nitrate with one HtO deposit,

I(NHj)jCoNH,OHOjCo{NH,),IBra + 3AgNO>
-»[{NH,),CoNH,OHO.Co(NH,),](NO,), + 3AgBr

A, Werner and A. Grigorieff, Ann., 876, 107 (1910)

^ - ICo,(NH,).(OH),lBr,

m-fi66
A Mlution of hexamminomutrioldicobaltic bromide is treated with

^xammtoomuaceta odioldicobaltic bromide with one H,0 deposit

The Salt dissolves inwater and the solution is a bright rose color.

((NH,),Co(OH),Co(NHi),]Br, + HC,H*0,
, ((NHi),Co(OH),{C,H,0,)Co{NH,),]Bri ^ H^O

A. Weraep and M. Grigorieff, Ann., 37$, II5 (1910)
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[Coi(NH,)*OHNH,OHlBr,
HBr 111-666

An aqu^us solution of hexamminomuaminodioldicobalUc bromide is

warmed with concentrated hydrobromic acid on the water bath.
Small brownish green crystals of tetrabromohexaromonomuamino-
dicobaltic bromide with twoHtO deposit. The compound is insoluble
in cold water and its water of crystallisation is lost when heated to

70-80^C.

[(NH,),CoNH,OHOHCo(NH,),lBr, + 2HBr
-[{NH,),Br,CoNH,CoBr,{NH,),lBr + 2HtO

A. Werner acid B. Malmgren, Ann., 876, 97 (1010) SO

(Co,(NH,)*(OH)tNOt]Br,
HBr m-667

0.5 Gram of bexamminomudiolnitrosodicobaltic bromide is treated

with concentrated hydrobromic acid and the solution warmed over a

small dame. The orange color of the solution changes to gray and,

upon cooling, faint green colored crystals of dibromohexamminomuol-
nitrosodicobaltic bromide deport.

[(NH,),CoOHOHNO,Co(NH,),]Br, + HBr
-*((NH,),BrCoOHNO,CoBr(NH,)ilBr, + H,0

A. Werner and E. Welti, Ann., 376, 12S (1910) to

[Coi(NH«)«0«NHtOH)Br,
HBr in-656

A concentrated aqueous solution of hexamminomuolaminoperoxo-

dicobaltic bromide is treated with concentrated hydrobromic acid

and warmed. Small, flat greenish crystals of symmetrical dibromo-

hexamminomuaraiooperoxodicobaltic bromide with two HtO sepa-

rate. The compound is only slightly soluble in water.

[(NHt),CoNH,OHO*Co(NH,),lBr, + HBr
[(NHt)iBrCoNH,OiCoBr(NH,)t]Brt H- H|0

A. Werner and M. Grigorieff, Atm., 876, 108 (19X0) tO
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(Co,(NH,),0,NH*0HJBr,
HBr m-659
SOt

Hexamminomuamiooperoxooldicobaltic bromide is covered with a
saturated water solution of suJfur dioxide and warmed carefully until
the solution turns dark. The reaction mixture is then gently heated
with concentrated hydrobromic acid whereupon dibydrated hexam-
minomuaminotetrabroroodicobaJtic bromide precipitates.
The bromide may be converted to nitrate by the use of silver nitrate
in dilute nitric acid solution.

2({NH,),CoNH,O,(OH)Co(NH0,lBr, + 3SO, + 4HBr
-* 2[<NH,),CoNH,Br,Co(NH,),]Br + 3H,SO,

A. Werner, Ann,, 876. UO (1910) ,,

[Co.(NH,),(0H),C.H,O,)Br,

III-660

A concentrated aqueous solution of hexamminomudiolacetato.
dicobaitjc bromide I8 added to an equal volume of acetic acid and the
solution concentrated on the water bath. As the solution cools,
crystals of AceUtoaquohexamminomuolacetatodicobaltic bromide
deposit.

[(NH»)|CoOHOH(CiHjOi)Co(NH,),IBr, + HC,HeOf
-[(NH,),H,OCoOH(C,H^,)Co(CtH,0,)(NH,),]Br,

A. Wemcr and M. Grisorieff, Ann., 876, 120 <19 JO)

jjCHO
tCo,(NH,),(OH),lBr,

'
’ m-661

t
aqueous solution of hexwnminomutrioldicobaltic bromide

.8 added to one half its volume of acetic acid and the solution con-

Zls red” dl "‘'T
““ ‘he solution

cools red nwdles of »cetatoaquohexamminomuolacetatodicobaltic
brom.de are ormed. They are washed vs-ith alcohol and ether thendried over sulfunc acid.

l(NH,)3Co(OH)jCo(NHi),)Br» + 2HC,H,Ot^ l(NHa)aH,OCo{OH)(C,HA)Co{C,H,0,){NH,),)Br. + H^O
A. Werner and M. Grigorieff, Ann., 878. 119 (1910)
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(Co,(NH,),(OH),]Br,

HC^sO, 111-662

HaNO,

A warm aqueous solution of hexamminomutrioldicobaltic bromide is

acidified with acetic acid and an excess of sodium nitrite added. The
solution is stirred and in about ten minutes the color of the solution

changes to orange red. Hydrobromic acid is added dropwise until

no more gas is evolved. Intense orange colored crystals of hexam-
minomudiolnitritodicobaltic bromide with one HtO deposit.

{(NH*)*Co(OH),Co(NHi),)Br, + HC,H,0, + NaNO,
[(NH,)iCo(OH),NOtCo(NH,)jlBr, + CiH,0,Na + H,0

A. A. Grflo sad B. Biadschedl^r, Ann., 976, 122 (1910) SO

[Co,(NH,)»(OH),C,H,OtlBr,

HCl 111-663

Hexamminomuacetatodioldicobaltic bromide U treated with hydro-

chloric acid saturated with hydrochloric acid gas at O^C. The
crystals dissolve to a blue colored solution and soon crystals of

cobaltictriaromino chloride deposit.

l(NH,),Co(CjH,0,)(OH),Co(NH,),lBr, + 6HC1
^ 2{(NHi),CoCI,l + 2H,0 + HC,H,0, -h 3HBr

A. tVvmcr and M. Grigorieff, Ann., 976, 116 (1910) SO

(Cot(NH,)i{OH)iC,H|0,]Br,

KI 111-664

A solution of hexamminomuacetatodioldicobaltic bromide is treated

with solid potassium iodide or better with a saturated solution added

dropwise. Red plates of hexamminomuacetatodioldicobaltic iodide

with one H*0 deposit. These are washed with water and dried on a

porous plate.

|(NH,),Co(OH),(C,H,0*)Co{NH,),lBr, + 3KI

^ |(NH,),Co(OH),(C,H,0,)Co(NH,),)Ii + 3KBr

A. Werner and M. Crigorieff, Ann., 376, 117 (1910) ^
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(Co,(NH,)*(OH),C,H,0,|Br,

ZSCN 111-665

Solid poUsaium thiocyanate is added to an aqueous solution of
hexamminorauaceutodioldicobaltic bromide until It is saturated. A
fine red crystalline precipitate of hexamminomuacetatodioldicobaltic
thiocyanate forms. The salt has one H»0.

[(NH,),Co(OH)t(C,H,0,)Co{XH,),)Br. + 3KSCN
-((NH,)iCo(OH)i{CtH»Ot)Co(NH,),|(SCX)i + 3KBr

A. Werner «nd M. Oriforieff, Ann., 87B, 117 (1910) go

[Coi(OH),en,]Br,

' in
5 Grams of tetraethylenediaminomuclioldicobaltic bromide are added
to 10 CO of hydrobromic acid at 12'C and triturated. The residue is
washed with alcohol until free from acid. The residue is cis-dibromo-
diethylenediaminocobaltic bromide.

[(CiH$Nj)»Co(OH)*Co(C*H#N*)t)Br4 + 2HBr
^2[Br,Co(C,H,N,),)Br + 2H,0

A. Werner, Ann.» 375, 36 (1910)

„ [<^Oj(NH,),H,OBrNH,)Br4
H2SO4

III-667
Hydrated bromoaquooctaminomuamlnodicobaltic bromide waswashed ^th ice cold water and allowed to run into diluted ( 1 : 1 ) sul-funo acid. Dark brown crystals at once separated which gave the
analysis for the corresponding sulfate.

[(NH,),CoNHjBrCo(H,0){NH,),lBr4 +
- l(NH,).CoNH^rCo(NH,)d{SO.), + 4HBr + 11,0

A. Werner, Ann., 375, 51 (1910)
41
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[Coi(NHi)tH,OBrNHi]Br4
HjSO^ III-e$8

Bromoaquooci&mmiDomuainiDodicobftltic bromide U added to Ice

cold water then treated with a solution of dilute sulfuric acid (1:1).
Dark brown crystals of bromoaquooctamminomuaminodicobaltic
sulfate deposit. The compound U almost completely insoluble in
water.

[(NH,),BrCoNH,CoH,0(NHi)i|Br4 + 2H^04
^[(NH,)4BrCoNH,CoHt0(NH,)*l{S04)* + 4HBr

A. Werner, Ann., S76, 51 (1910) pq

[Co>(NHi}iNHiOH]Br4
HtS04 111-669

Octamminoinuaminooldlcobaltic bromide is boiled with 1:3 sulfuric

acid until a violet solution is formed. Addition of concentrated
bydrobromic acid to the cooled solution causes deposition of reddish-

violet needles which can be recrystallised from fairly strong hydro-

bromic acid.

[(NH,)4CoNH,OHCo(NH,)4lBr4 + H,S04
^HBr + H,0 + l(NH,)4CoNH^04Co(NH,)4)Br,

A. Werner, Ann., 375, 53 (1910) 41

lCo,(OH),en4]Br*

KSCN m-STO

A solution of tetraethylenediaminomudioldicobaltic bromide is

treated with solid potassium thiocyanate and purple crystals of

tetraetbylenediaminomudioldicobaltic thiocyanate form. They have

three HiO.

l(CiHiNi)jCoOHOHCo(C*HiN,)tlBr4 + 4KSCN
^ [(CiH|N,),CoOHOHCo(C,HeN,),](SCN), + 4KBr

A. Werner, Aon., 875. 86 (1910) to
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[CosOtNH^DilBr^

Nal III-671

4 Gr&ms of totraethylenediaminomuaminoperoxodicobaltic bromide

are dissolved in 15 cc of water, and 8 cc of ammonium hydroxide

added then 10 grams of sodium iodide. A thick mass of dark brown
crystals form. 1.5 Grams of sodium thiosulfate are added and the

mass trituj^ted. The residue is washed with alcohol, dissolved in

40 cc of water, filtered and small brown needles of tetraethylcnediam-

inomuiminoperoxo dicobaltic iodide are precipitated by the addition

of 40 grama of potassium iodide. The crystals have five H$0.

({C,H,N,),CoNHjO,Co(C,HaN,),lBr4 + 3NaI
^[(C,H,N,)rCoNHO,Co(C,H|N,),lI, + 3NaBr + HBr

A. Weroer, Ann., S76, 74 (1910) fo

{Cot(OH)ieiiJBN
NaNO, III-672

A saturated aqueous solution of tetracthylenediaminomudioldi-
cobaltic bromide is treated with solid sodium nitrate and a purple
mass of crystals precipitates. This is recrystatliaed from watei’ by the
addition of sodium nitrate and purple crystals of tetraethylene-
diaminomudioldicobaltic nitrate are deposited. The compound
dissolves in water to form a blue>red solution.

l(C,H,N,),CoOHOHCo(C,H.N,),lBr, + 4NaNO,
— ((C,HJ^,)^oOHOHCo{C,H,N,),l(NO,), + 4NaBr

A. Werner, Ana., S76. 8S (1910) m

[Co,(NH,),BrH.ONH.)Bn
Decomp.

An aqueous solution of bromoaquooctamminomuaminodicotialtic
bromide is reddish brown in color but, upon standing, changes to
carmine red color and red prismatic crystals of octamminomuamino-
olaicobaltic bromide deposit.

[(NH,).BrCoNH,CoH,0(XHt)4lBr,

-*i(NH,)4CoNH,OHCo(NH,).]Br, + HBr
A. Wemer, Ann., 875, '50 (1910)

fO
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ICo,(NH»)«a,O^H]Cl
NHs

HBr
in-674

Hexamminotrichloromuolperoxodlcob$Jti« chloride U treated \vith
liquid ammonia. The excess of the latter is allowed to evaporate and
hydrobromic acid is then added to the re«due. The yellow product
is a mixture of hexamminocobaltic bromide and bromopentammino-
cobaltic bromide.

2l(NH,)jCo(OH)OtCl,Co(NH,),lCI + ISHBr + lONH,
-^2[(NH,),Co(NH,),]Br, + 2l(NH,)3rColBr, + 8HCI + 2Br,

+ 6H,0
A. Werner, Aui,, 875» 138 (1910) 41

(Co,(NH,)eHrf>CINH,Cl,)Cl,
AgNO, 111-676

20 Grams of trichloroaquohexamminomuaminodicobaltic chloride
(melanochloride) are finely pulverised and added to a solution of

36 grams of silver nitrate in (50 cc of waUr slightly acidified with nitric

acid. This solution is healed to 50®C and filtered. The residue con-
taining silver chloride is extracted with 60 cc portions of u'ater slightly

acidified with nitric acid until the extract is colorless. Alcohol is

added to the combined extracts until a permanent turbidity exists;

then the solution is placed in an ice bath. After a few hours a red
crystalline mass precipitates. This is recrysUlliaed from five times its

volume of warm water by the addition of concentrated nitric acid and
cooling- These crystals are diaquohexamminomuaminooldicobaltic
nitrate and have tw*o H^O.

[(NH,),ClH,OCoNH,CoCl,(NH,),)CU + SAgNOt + 2H,0
-^((XHa)aH,OCoNHtOHCoH,0(NH,),](NO,)4 H- 5AgCl + HNO,

A. Werner and J. FursUnberg, Ann., 378, 89 (1910) iO

lCo,(NH,)ii(NO,)t(NO,),ia,

AgNOa I1I-676

FIaVO cobaltic chloride reacts with silver nitrate to form xantho
cobaltic nitrate and silver chloride.

(Coa(NHi)w(NO,),(NO,)ja, -h 2AgNO,
[Co,(NH,)ie(NO,)J(NOa)4 + 2AgCl

W. Gibbs, Ber., 6, 831 (1873) ii
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(Cot(NHi)w(N0,)4]Cl,

ni-677

^en B oitric acid solution of ^ver nitrate is added to a solution of

;^tbo cobaltic chloride, xaotbo cobaltic nitrate is formed.

/Co*(NH,)io{NO,)*)Cl, + 4AgNO,
^[Co,(NH,)„(NOi),KNO,)i + 2AgCl + 2AgNOj

\\\ Gibbs, Bet., 3, 43 (1870)

[Co,(NH,),4(NO,),)C1,

C,0.(NH*)» 111^678

Xantho cobaltic chloride reacts with ammonium oxalate to form

xantho cobaltic oxalate.

(Co,(NHi)io(NO,)OCl, + 2C,0,(NH,)i

-(Co,(NH,)w(NOt)iKC,04)f + 2NH4NO1 + 2NH4CI

W. Gibbs, Ber., 3
,
43 (1870) //

[Cot(NH,).(NO,)4lCU

HCl in-e79

When dinitritotetraaramino cobaltic chloride is boiled with dilute

hydrochloric acid purpureo cobaltic chloride, cobaltous chloride,

ammonium chloride, water, nitrogen, and nitrogen dioxide are

formed.

4(Co,(NH,),(NO,)4jCI, + 16HCI

4CoCli + 4NH 4CI + 18H,0 + 8iN, + 7NOt + 2Coi{NH,),oCl,

W. Gibbs, B«r., 6. 832 (1873) fi

{Coi(NH,)4aNH,NOiClias
HNOi 111-680

Diehlorohexamminomuaminonitritod icobaltic chloride is mixed and
rubbed with concentrated nitric acid, pressed as dry as possible on a

porous plate and subsequently washed free from acid with alcohol.

The solid is dissolved in cold water and nitric acid added. Diehloro*
hexamminomuaminon itritodicobaltic nitrate crystallizes as reddish

brown plates. The compound is soluble in water.

l(NH*)jClCoNH,NO*CoCI(NHi),lCU + 2HNO,
^[(NHs),CICoNH,NO,Coa(NH,),l(NO,), + 2HC1

A. Weraer and S. Malmgreo, Ann., 376, 99 (1910) go
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[Co,(NH,)JI,OCUNH,a]Cl,
HNO,

111-661

TrichloroaquohexamminomuAminodlcobAltic chlorida is triturated
twice wi^ conceDtrated nitric acid and then dissolved in water.
Nitnc acid is added and dark violet colored crystals of trichloro-
nitratohexanuninorauaminodicobaltic nitrate deposit, The com-
pound is soluble in water.

[(NH,),CltCoNHjCoClH,0{NH»)iia, + 2HNO,
— ((NH,),Cl,CoNHtCoCINO,(NH,),]NO, + H,0 + 2HC1

A- Wern«r and S. Malrngran, Ana., 375, 97 (1910)

HNO,
[Co,<NH,),OHCINO,CllCI,

IU-662
3 Grams of dichlorohexamminomuolnitritodicobaltic chloride are dis-
solved in 150 grams of water, the solution cooled and treated with
100 cc of concentrated nitric acid. Dark violet colored crystals of
dichlorohexamminomuolnitritodicobaltic nitrau deposit

[(NH,),ClCoOHNO,CoCI(NH,>JCU + 2HNO,
({NH,),CICoOHNO,CoCI{NH,)il(NO,), -|- 2HC1

A, Werner, E. Binder hedler and E. Welti, Ann., 375, 126 (1910> 20

HNOi
(Co,(NH,)iO,a,NHja,

m-66d
Symmetrical dichlorohexamminomuaminoperoxodicobaltic chloride
is triturated several limes with concentrated nitric acidj the residue
washed with small volumes of water and dried. The compound
formed is symmetrical dichlorohexamminomuaminoperoxodicobaltic
nitrate.

[(NHi)iClCoNH,0,CoCI(NH,),|CU + 2HNO,
((NHe)tCICoNH,OiCoCI(NH,),)(NOi), + 2HC1

A. Wemer and M. Origorieff, Ann., 375, 108 (1910)
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lCo,(NH,)io(NO,)4lCI,

When a solution of xantho cobaltic chloride U treated with potassium

ferrocyaoide» xantho cobaltic ferrocyanide is formed.

|Co,(NH,),o(NO,)4lCl, + KiFefCN),

— lCo,(NH,)»0(NO,),lFe(CN)4 + 2KC1 + 2KN0*

W. Gibbs, Ber.. 9. 43 (1870)

111-684

//

[Coi<NH,)iO,CI,NH,]Cl,

NH, ni-686

HtS04

Unsymmetrical dichlorobexamrniDomuaminoperoxodicobaltic chlo-

ride is added to liquid ammoDia and it dissolves to a dirty brown

colored solution. Evaporation of the ammonia leaves a greenish

brown residue which is dissolved in water and treated with a dilute

solution of sulfuric acid. Greenish black crystals of octammino*

muaminoperoxodicobaltic sulfate are formed. The compound is

insoluble in water.

(a) [(NH,),ChCoNH,0,Co(NH,)4|CU + 2NH4
^ 1(NH,)4CoNH,OiCo(NH,)4]C1i

(b) [(NHi>4CoNH»0^o(NH,)4lCl4 + 2H,S04
-[(NH,)4CoNH,OtCo{NHi)4l(S04)« + 4HC1

A. Werner sod M. Origoricff, Ann., 37$, 113 (1010) SO

(Cot{NH,)eOiCliNHt]CU
KH4Br III-666

An aqueous solution of unsymmetrical dichlorohexamminomuaminu-
peroxodicobaltic chloride 1$ treated with the calculated amount of

ammonium bromide and small dai k brown needles of unsymmetrical
bexamminomuaminoperoxodicobaltic bromide deposit. These are

purified by dissolving in a small volume of water and precipitating

with hydrobromic acid.

1(NH,)jCoNHjO,CoCU(NH,) 4|C1, + 2NH4Br
((NH,)jCoNH,0,CoCli(NHt)4lBr, + 2NH4CI

A. Werner and M. Crigorieff, Ann., 376, 113 (1910) 20
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[Co,(NH,)w(NO,),(NO,)*]Cl,
(NH4)iCj04 111-687

Flavcwobaltic chloride reacts with ammomum oxalate to form
ammonium chloride, ammonium nitrate and xantho cobaltic oxalate.

lCo,(NH,),»(NO,),(NO,),ICl, H- 2(NH4),C|04
^ lCo,(NH,)x4(NO,)i)(Ct04)t + 2NH4CI -h 2NH4NO,

w. Gibbe, Ber., 6, 831 (1873)
,

,

iCot(NH,)40HCINOtCl]Cli
NaNOs

CfEiOi

111-888

0.5 Gram of dichlorohexamminomuolnitritodicobaltic chloride and 0.8
gram of sodium nitrite are added to 10 cc of water and 2 cc of acetic
acid. The solution is heated over a free flame until an orange colored
solution is formed. Concentrated hydrochloric acid is added and red
orange needles of hexamminomuoldinitritodicobaltic chloride with one
half HtO deposit.

[(NH,),ClCoOHNO,CoCI(NHi),lCI, -h NaNO, + HC,H,Oj
-[(NH,),CoOH(NOt),Co(NH,),lCl, + C,H,OtNa + HCl

A. Wern«r and E. Wdii, Ann., $76, 130 (1910)

ICof(NH04OHClNO,aia,
NaNOi 111-689

Dichlorohexamminomuolnitritodicobaltic chloride is dissolved in

water and treated with a saturated aqueous solution of sodium
nitrate. Dark violet colored crystals of dichlorobexammiDomuol-
nitritodicobaltic nitrate deposit.

[(NHi)aClCoOHNO,Coa(NH»),)CU + 2NaNO,
[(NHOjC!CoOHNO|CoC1(NHi),](NO,), + 2NaCi

A. Werner, E. Bindachedler and E. Welti, Ann., $76, 128 (1910) £0
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[Cot{NH»)«OHCINOta]aj

NaSOa III-690

An aqueous solution of dichiorohexamminomuolDitritodicobaltic chio-

lide is treated with a saturated aqueous solution of sodium sulfate.

A very voluminous, purple mass precipitates. The precipitate is

dried on a porous plate, suspended in hydrochloric acid, filtered and

washed free of sulfates with water. The compound is dichloro-

hexaraminomuolnitritodicobaltic sulfate and crystallized with one

H»0.

((NH,)*ClCoOHNOjCoCI{NH,),)Cl, + NajSO*
[(NH*),CICoOHNO,CoCl(NH,),)SO< + 2NaCI

A. Wemer, E. Bindschedler aod E. Welti, Ann.. $76. 127 (1910) tO

(Coi(NH,)e(OH),lCl,

C,H40, ni-691

Hexammioomutnoldjcobaliic chloride is dissolved in the smallest

volume of water possible and acetic acid added. The solution is

heated and concentrated on the water bath to syrupy consistency and
red crystals deposit. These are removed by hltration and washed
with alcohol and ether. The compound is bexamminomuacetatodiol-

dicobaltic chloride and crystallises with three H|0. The compound
looses its water of crystallisation when heated at lOO-llO^C.

((NH,),Co(OH)*Co{NH,),)CU + HC|H,0,
[(NH,),Co(OH),(C,HtO,)Co(NH,),lCli + HjO

A. Werner &od M. Ghsorieff. Aon., 975, 115 (1910) $0

lC<h(NH,)»(OH),)Cl,
C3H4O9 ni-692
NaNO,

10 grams of bexamminomutrioldicobaltic chloride are dissolved in

50 cc water with addition of acetic acid to complete the solution. The
solution is filtered and 2 grams of sodium nitrite added with stirring

until all nitrite is dissolved. The orange colored solution is warmed
to 40-50®C and 30 cc of hydrochloric acid added. Orange colored
crystals of hexamminomudiolnitritodicobaltic chloride with one H:0
deposit. These are filtered off, washed with 1^1 hydrochloric acid
then with alcohol until free of acid.

[(NH,)4Co(OH)«Co(NHi)i1C1j + NaNO, + HCjHjOj
^((NH,),Co(OH),NO,Co(NH,),ia, + C^HjOjNa + H,0

A- Wern«r, A, GrOa and E. Bindschedler, Ano., 875, 121 (1910) go
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(Co*(NH»)iNH,OHOja,
111-693

Hexamminomuolamiuo-peroxodicobaltic chloride in aqueous solution
is treated with concentrated hydrochloric acid and warmed on the
water bath. As the solution cools, black crystalline symmetrical
dichlorohexamminoinuamiDoperoxodicobaJtic chloride deposits.

l(NH,),CoNH,OHO,CorNH,),lCl, + HCl
-|(NH,)^oNH,OtCoCI,(NH,),)Clt + H,0

A. Werner and A. Grigorieff, Ann., S7S, 107 (1910)

(Co,(NH,),(OH),NH,lCU
HCl III-694

A solution of hexamminomuaminodioldicobaltic chloride is converted

to trichloroaquohexammmomuamioodicobaltic chloride (me)ano«

chloride) when warmed with concentrated hydrochloric acid.

[(NH,)aCoNH,OHOHCo(NHi),iaj + 2HC1
-^t(NH4),H,OClCoNH,CoCl,(NHi),lCU + H,0

A. Werner, Aso., 976, 26 (1910) gO

lCo,(NH,)i(OH)iNO,]ae
HCl m-695

6 Grams of hexamminomudjolDitritodicobaltic chloride are added to a

solution of 27 cc concentrated hydrochloric acid and 9 cc of water and
heated on the water bath while being stirred. The orange colored

chloride changes to brown then reddish brown and finally violet.

The solution is allowed to cool and crystals of dichlorohexammino-

inuolnitritodicobaltic chloride deposit. These are washed with alco-

hol and ether.

[(NH,),Co(OH>,NOiCo(NH,),]CI, + HCl
^((NH,),ClCoOHNOiCoCl(NH,),lCl, + H,0

A. Werner. A. GrfiQ and B. Bindschedler, Ann.. 976, 124 (1910) £0
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HNO3

[Co,{NH,)i(OH)tXO,]Cl,

III-696

4 Grams of hexamminomudiolnitritodicobaltic chloride are dissolved

ip 50 cc of ^vater, the solutiop cooled to a low temperature and 50 cc of

nitric acid added without stirring. Crystallisation begins with the

addition of the first drop of nitric acid. The crystals of hexammino-

mudioloitritodicobaltic nitrate are washed with hydrochloric acid 1:1

and then with alcohol until free of acid.

[(NHi),Co(OH),NO,Co(NH,)dCl, + 3HNO,
-»((NH,),Co(OH),NO,Co(NH,),)(NO,), + 3HCI

A. Wem«r, A. GrOfi and E. Bindsehedler, Ann., 376, 123 (1010) ^

[Coj(NH,)i(OH),NO,]CI,

NajSO* IIN697

A solution of 4 grams of hexamminoroudiolnitritodicobaltic chloride is

filtered and to the filtrate is added a solution of 4 grams of crystalline

sodium sulfate. A thick crystalline mass separates and an addi-

tional 4 grams of sodium sulfate is added. The orange red crystal-

line mass is nashed with cold water, l^he compound ishexammino-
mudioinitritodicobaltic sulfate and crystallises with two HsO.

2[(XHa),Co(OH),NO,Co(NH»),lCl, + 3Na,SO.

^ ((NHj),Co(OH),NOrCo(NH,),l,(S04)r + CNaCl

A. Werner, A. GrUn tnd E. Bindschedlcr, Ann., 376, 123 (1910) $0

(Co,(NH,),H,ONH,CI|Cli

HCI III-698

A saturated solution of chloroaquooctamminomuaminodicobaltio
chloride is treated with half its volume of concentrated hydrochloric
acid while warming on the water bath until the precipitate ^vhich

first forms redissolves. The solution is cooled and the crystals of

chloropentamminocobaltic chloride filtered off. Chlorotetrammmo-
cobaltic chloride remains in solution.

[(NH,)^ClCoNH,CoH,0(NH,)^ICl4 + HCI
^|CoCI(NH,)JCI, + [CoC1,(NHj)4)CI + (H2O)

A, tV'erner, Ann., 876, 46 (1910) pn
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(Co,(NH,)«H,ONHiaiai
“NOi in*699

3 Grams of cWoroaquooctamminomuamiiiodicobaltic chloride are
dissolved io 60 cc of ice cold water and the filtered solution is tlien
treated with 15 cc of concentrated nitric acid. Reddish violet
crystals of chloronitratooctamminomuaminodicobaltic nitrate are
deposited. These are washed with nitric acid (1:1). The salt is

easily soluble in water and no immediate precipiUte is formed upon
the addition of silver nitrate solution.

[{NH,)iClCoNH,CoHtO(NH,)i|Cli + 4HNO,
((NH,),ClCoNH,CoNO,(NH,),l(NO,), + 4HCI + H,0

A. Werner, Ana., 976, 49 <1910)

[Co,(NH,),(OH),]Cl4

H,PtCU III-700

2 Grams of octanunmomudioldicobaltic chloride are dissolved in 25 cc

of water and treated with a very dilute solution of chloroplatinic acid.

After a short time, copper red crystals of octamminomudioldicobaltic
chloroplatinate form. They are washed with alcohol and ether.

The crystals have six HjO.

[(NH,)4CoOHOHCo(NH,)4a4 + 2HiPtCU
-»[{NH,)4CoOHOHCo(NH,)4(PtCl4), + 4HCI

A. Werner, Ann., 976, 82 (1910) tO

[Coi(NH,)iH,ONHtaiCU
HjSD, ni-701

A freshly prepared solution of chloroaquooctamminomuamino-
dicobaltic chloride is treated with dilute sulfuric acid and chloro-

aquooctamminomuaminodicobalt ic sulfate is precipitated quanti-

tatively. It is a reddish violet compound which crystallises with one

HfO and is insoluble in water.

((NH,)4H,OCoNHiCoCl(NHi)4)Cl4 + 2H,S04
-^[(NH,)4H,OCoNHtCoCl(NH,)4](S04)$ + 4HC1

41A. Wemer, Ans., 976, 47 (1910)
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[Co,(NHj),NH,OHlCh

HiSOi III-702

3 Gr&md of octammiDomuolaminodicobaltic chloride are dissolved in

10 CO of water and 2 grams of concentrated sulfuric acid added. The

solution is warmed over a free flame until a clear violet colored solu-

tion results. As the solution cools> purple violet prisms of octammin-

omuaminosulfatodicobaltic acid sulfate are deposited. These may

be recrystalliaed from a dilute solution of sulfuric acid.

[(NH,)4CoNH,OHCo(NH,)*1CI* + 3H:S04

->((NHi)4CoNH,S04Co(NH,)*1S04HS04 + 4HC1 + H,0

A. Werner, Ann., VS, 52 (1010) SO

[Co,(NH,)iO,NH,lCl4

H,S04 lU-703

An aqueous solution of octaroroinomuaminoperoxodicobaltic chloride

is treated with dilute sulfuric acid and ootamminomuaminoperoxo-
dicobaltic sulfate precipitates quantitatively as greenish gray

silvery prismatic crystals with two HsO.

((NH,)4CoNH,0,Co{NH,)i]ai + 2H,S04
-r[(NH,)4CoNH,0,Co{NH,)4)(S04)t + 4Ha

A. Werner, Aon,, 875» 67 (1910) ^

ICo,(NH,),(OH),|Cl,
KAuCl, ni-704

2 Grams of octamminomudioldicobaltic chJoride are dissolved in 25
cc of water and a concentrated aqueous solution of potassium chloro-
aurate added. Cherry red crystals of octamminomudioldicobaltic
chloroaurate form. They have four HtO.

[(NH,)4CoOHOHCo(NH,).1C1, + 4KAuCI.

-»[(NH,)4CoOHOHCo(NH,)4](AuCl4), + 4KCI
A. Werner, Ana., 876, 82 (1910) SO
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lCo,(NH,).(OH)t]CL
KI 111-706

2 Grams of octamminomudioldicobaltic chloride are dissolved in 15 cc

of water and solid potassium iodide added. Dark violet crystals of

octamminomudioldicobaliic iodide precipitate. These are washed
with alcohol and ether.

[(NHj)<CoOHOHCo<NH,),lCU + 4KI
-*((NH,)4CoOHOHCo(NH,)4]I. +4KC1

A. Werner. Ann.. 676, 78 (1010) iO

lCoi(NH,),(OH),lCl4

KiPtCU Ul-706

A dilute aqueous solution of octamminomudioldicobaltic chloride

is treated with solid potassium chloroplatinite and small crystals

of octamminomudioldicobaltic chloroplatinite deposit.

[(NH,)4CoOHOHCo(NH,)4lCl4 + 2K,PtCl4

-*[(NH,)4CoOHOHCo(NHi)4l(PtCl4)j + 4KCI

A. Wemer, Ann., 676, 81 (1010) 60

[Co,(NH,)iHtONH,a]Cl4

NH 4SCN ni-707

An aqueoue solution of cbloroaquooctamminomuaminodicobaUic

chloride is treated with a saturated aqueous solution of ammonium

thiocyanate and small brownish red crystals of chloroaquooctammino-

muaminodicobaltic thiocyanate deposit- The crystals are washed

with alcohol and ether then dried over sulfuric acid for 24 hours.

((NHj)4H*OCoNHiCoCl(NHi)4)a4 + 4NH5CN
((NH,)*H,OCoNH,CoCl(NH,)4l(SCN)4 H- 4NH4CI

A. Wrmer, Ann., 376, 48 <1010) H
SO
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(Coj(NH,)i{OH)jai

liaBrOi III-708

2 Graraa of octaiuminomudtoldicobftltic chloride are dissolved in 15 cc

of water and solid sodium bromate added when ruby red crystals of

octamminomudioldicobaltic bromate form. They are washed with

alcohol and ether. The compound is soluble in water.

[(NH,)4CoOHOHCo(NHi) 4|CI. + 4NaBrO,
^[(NH,)4CoOHOHCo(NHi)4l(BrO,)4 + 4NaCl

A. Werner. Ann., 376, 79 (1910) SO

[Cot(NH,).(OH)JCli

NaClO, ni-709

A concentrated aqueous solution of octamminomudioldicobaltic

chloride is treated with solid sodium chlorate and bright red crystals

of octamminomudioldicobaltic chlorate form. They are washed with

alcohol and ether. The compound is easily soluble in water and
explodes when heated.

[(NH,),CoOHOHCo(NH,),ICl4 + 4NaC10,
^l(NH,),CoOHOHCo(NH,)*](ClO,)i + 4NaCl

A. Werner, Ann., 376, 79 (1910) SO

[Co*(NH,),(OH)JCU
NalO, 111-710

A dilute aqueous solution of octamminomudioldicobaltic chloride is

treated with solid sodium iodate when bright violet crystals of
octamminomudioldicobaltic iodate are precipitated. The crystals are
washed with alcohol and ether. They are insoluble in water.

[(NH,).CoOHOHCo(NH,),lCl, + 4NaIO,
^ [(NH,),CoOHOHCo(NH,),](IO,), -|- 4NaCl

A. Werner, Ann,, 876, 80 (1910) pf.
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[Cot{NH,),H,ONH*Cl]Cl*
NaNO,
HNO,

m-711

A concentrated freshly prepared aqueous solution of chloroaquo-
ocUmminomuaminodicobaltic chloride is treated with solid sodium
nitrite and warmed on the waUr bath. After a short time the color
of the solution changes from brownish red to orange. When this
change occurs, concentrated nitric acid is added and crystals of
octamminomuaminonitritodicobaJtic nitrate with one H«0 deposit.
The crystals are orange colored.

(a) [(NHi)4CICoNH,CoH,0(NH,)4lCU + NaNO,
[(NH,),CoNH,NO,Co<NHi)ilCU + H,0 + NaCl

(b) [(NH,)iCoNH,NO,Co(NH,)4]ai + 4HNO,
-»((NH,)4CoNH|NOtCo(NH,)4](NO,), + 4HCI

A. Werner, Ann,, $76, 55 (1610)

[Co,(NH,)eNH,OHlCl4
NaNO,

HNO,

ni-712

A freshly prepared concentrated aqueous solution of octamminomu*
amin>oldjcobaltic chloride is acidified with acetic acid, warmed and
sodium nitrite added. The solution changes to a yellowish brown
color. It is cooled and nitric acid added. In a short time very fine

crystals of octamminomuaminonitritodicobaJtic nitrate with one H,0
deposit.

(a) t(NH,)4CoNH,OHCo(NH,)4]a4 + NaNO, + HC,H,0,
-[{NH,)4CoNH,NO,Co(NH,)4lCl, + H,0 + C,H,0,Na

(b) [(NH,)4CoNH,NO,Co(NH,),)Cl4 + 4HNO,
-[{NH,)4CoNH,NOrf5o(NH,)4](NO,)4 + 4HC1

A. Werner, Aon., 376, 55 (1910) $0
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[C(h(NH,),(OH)JC14
ni-713

An aqueous solution of octamminomudioldicobaltic chloride is

treated with solid sodium oxalate when ruby red crystals of oetam-

minomudioldicobaltic oxalate with two HtO form. They are washed

with alcohol and ether. They are insoluble in water.

((NH,)4CoOHOHCo(NH,)jai + 2Na,C,04

-*KNH,) 4CoOHOHCo(NHi)d(Ci04)? + 4NaCl

A. Werner, Ann., S76. 80 (1910) SO

(Co,(NH,)»(0H),lCl4

VuiCTOi III-714

A dilute aqueous solution of octamminomudioldicobaltic chloride is

treated with solid sodium chromate and light brown crystals of

octamminomudioldicobaltic chromate are formed. They are washed
with alcohol and ether, then dried.

((NH,)4CoOHOHCo(NH,)4)Cl4 + 2NatCr04
^ ((NH,),CoOHOHCo(NH,) 4l(Cr04 )i + 4NaCl

A. Werner, Ann., 976, 91 (1910) $0

(Co*(NH,WOH),lCl4
NajHPOi III-716

A dilute aqueous solution of octamminomudioldicobaltic chloride
is treated with solid dibasic sodium phosphate and rose red crystals of

octamminomudioldicobaltic phosphate, dibasic, are precipitated.

The crystals are washed with alcohol and ether. They contain six

H^O.

((NH,)4CoOHOHCo(NH,)i]Cl4 + 2Na,HP04
[(NH,) 4CoOHOHCo(NH,) 4KHP04)e + 4NaCl

A. Werner, Ann., 876, 81 (1910) m
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[Co,{NHi),H,ONH,a]Cli
NasSjOe III-716

A freshly prepared solution of chloroaquooctamminomuamino-
dicobaltic chloride is treated with an aqueous solution of sodium
dithionate and insoluble chloroaquooctamminomuaminodicohaltic
dilhionate precipitates as a voluminous mass of gray violet crystals.

[(NH,)4HjOCoNH,CoCl{NH,)dCL + 2Na,S|Oi
^ KNH,)4HtOCoNH,Coa{NH,)*l(S,Oe), + 4NaCl

A. Werner, Aoo.. $7S, 4S (1210) on

(Co.(NH,),{OH),]a4
NatStOi 1II-717

NH4Br

150 Grams of octammioomudioldicobaltic chloride are dissolved in the

smallest possible quantity of water and treated with sodium dithio-

nate. Yellow crystals of the dithionate are obtained, which are

dissolved in water and treated with ammonium bromide which
converts the salt to the bromide which is hltered on a porous plate

by suction, and purihed by alcohol and ether. The product is octam-
xninomudiaminodicobaltic bromide.

(a) [(NH,)4Co{OH),Co(NH,)4lCl4 + 2NaiS,0«

-^4NaCl + ((NH*)iCo(OH)tCo(NH,)4l(S^«)2

(b) [(NH,)4Co(OH)tCo(NH,)4KS,04)i + 4NH4Br
^ ((NH,)*Co(NH,),Co(NH,)4]Br4 + (NH 4),S04 + 2H,SO, +
A. W«mer, Ann., STS. $7 (1010) 4t

lCo,(NH,),(OH)ja4
NajSiF« ni-718

2 Grams of octamminomudioldicobaltic chloride are dissolved in 30 cc

of water and treated with a solution of sodium fiuosilicate. Bright

violet crystals of octamminomudioldicobaltic fluorilicate form. The
compound is insoluble in water.

[(NH,)4CoOHOHCo(NH,)4lCl4 + 2Na^iF,
[(NH04CoOHOHCo(NH,)4](SiF»), + 4NaCl

A. Werner, Ann., 376, 83 (1910) £0
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(Co,(NH,)iH,ONH,Cl]Cli

Decomp* III-719

When a concentrated aqueous solution of chloroaquooctamminomu-

soninodicobaltic chloride is allowed to stand for some time, reddish

b^o^Yn prismatic needles of the difficultly soluble octamminomuamino*

oldicobaltic chloride deposit.

((NH*)*HjOCoNH,CoCl(NH,)4lCL
[(NH,)iCoNH,OHCo(NH,)4)Cl4 + HCl

A. W«m«r, Ann.. 97S. 4$ (1910) SO

(Co,(NH,)„NH,ia*
HCI III-720

Decamminomuaroinodicobaltic chloride is digested with a solution

of hydrochloric acid in sulfuric acid on the water bath. Hexam^
minocobaltic chloride and cbloropentammioocobaltic chloride are

formed.

l(NH*)4CoNH,Co(NHi)4lCU + HCl
— |Co(NHj)elCl, + lCo(NHj)»CilCl8

A. Werner. Ann., 976, 8 (1910) SO

(Co,(NH,)4AcNHiOH)I,
AgBr in-721

1 Gram of hexamminomuaminoolacetatodicobalUc iodide is rubbed
with moist silver bromide and the mixture warmed to 40®C. The
solution is filtered and alcohol added to the filtrate when bright red
crystals of hexaraminomuaminoolacetatodicobaltic bromide form.
The aqueous solution of this compound is neutral.

((NH,),CoNHtOH(CjH,0,)Co(NHr),|I* + 3AgBr
l(NH,),CoNH,OH(CtH,Oi)Co(NHi)i)Bri + 3AgI

A. Werner and J. Furatenberg, Ann., 876, 101 (1910) SO

[Co,(NH,)eOHNH,OH)I,
AgBr

III-722

1 Gram of hexamminomuaminodioldicobaltic iodide is triturated with
2 grams of freshly prepared silver bromide. The solution is filtered
and absolute alcohol added to the filtrate until it is permanently tur-
bid. Brownish red crystals of hexamminomuaminodioldicobaltic
bromide deposit as the solution stands.

«NH8)8CoNH,OHOHCo(NH,),1I, 3AgBr
-((NH,),CoNH,OHOHCo(NH3)3]Br3 + 3AgI

A. W'emer and J. Furstenberg, Ann., 876, 91 (1910) v)
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[Cot(NHi)*AcNH^HlI,
AgCl in-723

1 Gram of hexamminomuaminoolaceUtodicobaltic iodide is rubbed
with moist silver chloride, water added, the solution filtered and
hexamminomuamiooolaceiatodicobaltic chloride precipitated with
alcohol. The compound precipitates as bright red needles, is soluble
in water and its aqueous solutions are neutral.

|(NH,)»CoNH,OH(C,H,0,)Co(NH.)ilIi + 3AgCl

^[(NH,),CcNH,OH(C,HiO,)Co(NH,),|Cl, + 3AgI

A. Wern«r and J. FursUnberg, Ann., 376, 101 (1910) ^

[Co,(NH»)*OHNH|OHlI,
AgCI UI.724

Hexamminomuaminodioldicobaltic iodide is triturated with moist

silver chloride and alcohol added to the filtrate after removal of the

silver iodide. Bright red crystals of hexamminomuaminodiol-
dicobaltic chloride with one H|0 are deposited. The compound is

easily soluble in water and the solution is neutral in reaction.

[(NH,),CoNH,OHOHCo(NH,),lI, + 3AgCl
-* [(NHi),CoNH,OHOHCo(NH,)ilCla + 3Agl

A. Werner and J. Furstenberg, Ann.. 876, 92 (1910) to

[Cot(NH«)eAcNHtOH]Ii
AgCl 111-726

HexamminomuamiDOolacetatodicobaltic iodide is rubbed with moist

silver chloride and a little water added. The solution is filtered and

a solution of potassium chloroplatinite added. After a few minutes,

bright red lustrous cr3rstal8 of hexammiDomuaminoolacetatodicobaltic

chloroplatinite form.

(a) |(NH,),CoNH,OH{C,H,0,)Co(NH,),)I, H- 3AgCl

[(NH,)iCoNHtOH(C,H,Oi)Co{NH,)jlClj + 3AgI

(b) 2[(NH,),CoNH*OH(CiHiO,)Co(NHj)ja, + 3KiPtCU
[(NH,),CoNH,OH(C,H,Ot)Co(NH,),lJ»tCU)i + 6KCI

A. Werner and J. Furstenberg, Ann., 876, 103 (1910) tO
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[Co,(NH,)*AcNH,OHlI,

AglfOi in-726

1 Gram of hexamminomuaminoolacetatodicobalUc iodide is rubbed
with 0.8 gram of silver nitrate, a little water added and the solution

filtered. Absolute alcohol is added to the filtrate and bright red

crystals of hexammioomuaminoolacetatodicobaltic nitrate separate.

The compound is soluble in water and the solution is neutral in

reaction.

((NH,),CoNH,OH(C,H,0,)Co(NH,),]I, + 3AgNOa
^[(NH,),CoNH/DH(C,H,0,)Co(NH,),l(NO,), + 3AgI

A. Werner and J. Fursienberg, Ado., 376, 102 (1910) 20

(Co,(NH,)i(OH)NH,OH]I,
AgNOj III-727

1 Gram of bexamminomuaminodioldicobaltic iodide ia triturated
with a concentrated aqueous solution of 0.8 gram of silver nitrate and
the silver iodide removed by filtration. Absolute alcohol is added to
the filtrate and small red crystals of hexamminomuaminodioldicobaltic
nitrate with two H»0 form. The compound is easily soluble in water
and the solution is neutral.

((NH,),CoNHtOHOHCo(NHj),]I, + 3AgNO,
-^[(NH,),CoNH,OHOHCo{NH,),l(NO,), + 3AgI

A. Weroer sad J. Furstenberg, Ann., 376, 92 (1910) iO

[CoiNHOieD4jli
NH«Br

III

Agl^Oi

When a solution of tetraethylenediaininomuarainoperoxodicoballic
iodide is treated with ammonium bromide and the calculated amount
of silver nitraU, the corresponding red tetraethylenediaminodico-
baltic bromide is precipitated, filtered and washed with alcohol.

[(C,H,Nj),CoNHO,Co(C,H,N,),]I, + 3NH4Br + 3AgNOj
[(C>H>Nt)aCoNHO,Co(C>HtN>)t]Br4 + 3AgI + 3NH4NO4

A. Werner, Ann., 876, 74 (1910)
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[Co,(NH,),eii,lI, C,04

AfCI ' III-729

The ammino ethyleDediamine complex of cobalt oxalate iodide is

treated with freshly precipitated AgCI. The Agl is removed by filtra-

tion; the filtrate is concentrated and gradually deposits light yellow
crystals.

[Co(NH,),- 2C,H.(NH,),)J.(C,04) + 4AgCl
-^4AgI -f |Co(XH.).-2C.H.(NH.)J.Cl.(C.O.^

A. Werner, Ann., 36$, 78 (1912)

(Co,(NH,).(OH),l{NO,),

CiHiOi III-730

Acetic acid is added to a solution of hexamminoreutrioldicobaltic

nitrate and the solution concentrated on the water bath. Red mono-
clinic crystals of hexamminomuacetatodioldicobaltic nitrate with

two HsO deposit. These are pressed on a porous plate, washed with

alcohol and ether, then dried.

|(NH,)jCo(OH),Co(NH,),KNO,)j + HC,H,0|
^[(NH,),Co(OH)t(CtH,0,)Co(NH,),l(NO,), + HjO

A. Werner and M. Grigorieffi Ann., 37$, 118 (1910) £0

[Co,{NH,)iH,ONO,NH,OHl(NO,),
HCl ni-781

NitratoaquohexamminomuaminooldicobaJtic nitrate is dissolved in

cold water and the solution treated with concentrated hydrochloric

acid. Needles of nitratoaquobexamminomuaminooldicobaltic chlo-

ride with one HsO separate.

[(NH,)iH,OCoNH^HCoNO,(NH,),](NO,), + 3HC]
-((NH,),H,OCoNH,OHCoNOi(NH,>,lCI, + 3HNO,

A. Werner and S. Maiisgren, Aim., $7$, 95 (1910) fO
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[Co,(NH,).{OH)tOi)(NO,),

HCI ni-732

Kex^nimioomudioJperoxodicobftltic nitraU is dissolved in cold w ater

containing acetic acid. Upon the addition of concentrated hydro-

chloric acid grayish'black crystals are deposited, The leaction

is almost instantaneous if heat is applied. The corresponding com-
plex sulfate may be used as starting material instead of the nitrate.

((NH,),CoO,(OH),Co(NH,),|(NO,), + 4Ha
((NH,),CoO,(OH)Co(NH,),lCl* + H,0 + SHNO,

A. Werner, Ann., m, 137 (l&IO) 41

|Co,(NH,)aNH,S0.1(KO,),

HCJ III-733

10 Grams of sulfatooctamminomuamiDodicobalt ic nitrate are added
to 150 cc of concentrated hydrochloric acid and the mixture shaken
vigorously at room temperature. The sulfato compound dissolves

and the solution is allowed to stand 24 hours at the end of which time
a mass of crystals are formed. These are filteied off and dried on a
porous plate then dissolved in^water, filteicd, cooled in an ice bath
and concentrated hydrochloric acid added. Brownish violet colored

needles of chloroaquooctamminomuamino dicobaltic chloride with
4HaO separate. The salt is easily soluble in water and insoluble in

organic solvents. A fiesh aqueous solution of the compound reacts
with platinous chloride to form a copper bronze colored precipitate,

with mercuric chloride to form a carmine red precipitate and with
potassium iodide to form a red precipitate.

[(NH,)4CoNH*S04Co(NH,)4)(NOi)i + 5HCI + HeO
((NH,)4H,OCoNH,CoCI(NH,)*IC1i H- 3HNO, + H,S04

A. W«rner, Ann., 376, 46 (1910) gn

[Co,NHHNO,0,en4)(NO,),

III-734
4 Grams of tetraethylenediaroinemuamraoniumperoxodicobaltic ni-
trate are dissolved in 80 cc of water and 12 grams of potassium
bromide added. Red crystals of tetraethylenediaminemuammon-
iumperoxodicobaltic bromide with three deposit. They aie
washed with alcohol and ether.

[(C*H«N*),CoNHHNO,0,Co(C,H,N,),)(NO,), H- 4KBr
^[(C,H,N,),CoNHHBrOtCo<C,H8Ni)JBr, + 4KNO,

A. Werner, Ann,, 376, 73 (1910) jn
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(Co,NH,0,eii4]{NO,),

^ III-735

HCsH,0|

To & suspensioD of tetraetbylenediamioexnuaminoperoxodicobaltic
nitrate in acetic acid^ KI is added. The crystalline mass formed is

treated with warm NatSsOi until a pale red solution is obt^ned. The
mixture is cooled and the solid is removed by filtration. The solid
product consisting of dark red glistening crystals is recrystallized from
a solution of NH|Br.

(a) [(C,H,N,),CoNH,0,Co(C,H|N,),l(NOi), + 4KI + 5H,0
+ HC,H,0, + 2Na^,0,^ ((CjH.NOiCoNHiOHCoCCiHjNt),]!*

+ 4H,0 + 3KNO, + 2NaOH + Na,S40» + KC,H,Oi
(b) ((C|H|N,),CoNHtOHCo(C,H,N,)t]l4 + 4NH4Br

[(C,H|N,),CoNH,OHCo(C,HiN»),lBr4 + 4NH4I

A. WtTMf. Ann., 178, 77 (1910) it

[CotNH,0.e&4](N04)i

KSCN m-736

HKOi

IIH4Br

Acetic acid and excess potassium thiocyanate are added to a water

suspension of tetraethylenediam inomuaminoperoxodicobaltic nitrate.

The thiocyanate which precipitates is dissolved in water on the water

bath and then the solution is cooled. Concentrated nitric acid is

added in small proportions with stirring until no more oxides of

nitrogen escape. The solution is cooled and the solid in suspension

removed by filtration, dissolved in water, and treated with ammonium
bromide. Red crystals of the product precipitate.

((C,H,N,),Co(NH,)0,Co{CtH,N,)J(NO,),

+ 3KSCN + leHNOj + 3NH4Br
[{CtH|N,),Co(NH,)S04Co(C,Ha^,),lBr, + 3KNO» + 6H,0

+ 3CO, + 2H,S04 + IfiNO + 3NH*NO, + N0|

A. Werner, Ann., S78, 77 (1910) 4t



COBALT 233

[Co,(NH,)»H,ONOiNH,OH](NO,),

NH, in-737

4 GrAics of aitratoaquohexAmmiaoiQuamiDooldicob&ltic nitrate are

added to an excess of liquid ammonia and the ammonia allowed to

evaporate. The residue is extracted with cold water, the solution

slightly acidified with hydrochloric acid and ammonium sulfate

added. A reddish colored precipitate forms which is converted to

the nitrate, octamminomuaminooldicobaltic nitrate, by treating with
ammonium nitrate. The nitrate is dissolved in water and ammo-
nium bromide added when pure octamminomuaminooldicobaltic
bromide is deposited as a red crystalline compound with three H^O.

(a) [(NH,)jHiOCoNH,OHCoNO»(KH,),l(NO,), + 2NH,
^I(NH,)4CoNH,OHCo(NH,)4|(NOi)4 + H|0

(b) ((NH,)4CoNHiOHCo(NH,)4l(NO»)4 + 4NH«Br
[(NH,)4CoNH,OHCo(NH,) 4lBr4 + 4NH 4NO,

A. Wern«r and 3. Malm^ren, Ann., $7$, 94 <1910) go

ICo,(NH,)iHtONO|NHiOHl{NOi),
NH, ni-738

Nitratoaquohexamminomuamino-oldicobaltic nitrate reacts with
liquid ammonia to form octamrainomuamlno-oldicobaltic nitrate.

((NHj)jHjOCoNH,OKCoNO»{NH,),l(NO*>i + 2NHj
-[<NHi)4CoNH,OHCo(NH,)i1(NO»)4 + HiO

A. Werner and S. Malmgreo, Aoa., 876, 95 (1910) go

(Co,(NH,),CINO,NH,i(NO,>,

AgKO,
111-739

Chlorooitratooctamminomuammodicobiltic nitrate is added to
liquid ammonia and the compound dissolves to form a brown colored
solution. The ammonia is allowed to evaporate and the residue
extracted with water on the water bath until no more residue dis-
solves. The residue is recrystallized from water acidified with acetic
acid, ^rge bluish red crystals of decamminomuaminodicobaltic
chloronitrate deposit. These are dissolved in water, a solution of
^ver nitrate added and decamminomuaminodicobaltic nitrate
deposits. These are recrystallized from water containing nitric acid.

[(NH,)4ClCoNH,CoNO,(N'H,),j(NO,), + 2NH, + AgNO,
-*[Co,{NH,),J^Hj)(NOa)j -I- AgCl

A. W'erner, Atm., 876, 43 (1910)
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[Co,(NH,).H,ONO,NH,OH](NO,),
NH3r III-740

Nitratoaquohexarnminomuftminooldicobaltic nitrate is dissolved in

cold water and solid ammonium Hromide added. Alter a short time a
mass of desh colored crystals of nitratoaquohexamminomuamino-ol'
dicobaltic bromide deposits. The crystals have one HtO.

|(NH,)3H,OCoNH,OHCoNO»(NH,)j1(NOj), + 3NH4Br
((NH,),H^CoNH,OHCoNO,(NH,),]Br, + 3NH4NO,

A. Warner and S. Malmgrcn, Ann., 876. 96 (IdIO) so

[Co,(NH,)aH*0(OH),Otl{NO,),
(VlUi)iSOi 111-741

Hydroxoaquohexamminomuolperoxodicobaltic nitrate Is dissolved in

water and the solution saturated with ammonium sulfate. An
equal volume of acetic acid is added and, after a short time, the

ammonium sulfate acid double salt with hydroxoaquohexammino-

muolperoxodicobaltic sulfate crystallises. It hats one HtO.

[(NH,)jOHCoOHO,CoH,0(NH,)il(NOi), + 2(NH4)^04
^ l(NH,)iOHCoOHO,CoH,0(NHi)il - (S04)»NH4 + 3NH4NO,

A. Werner and E. Welti, Ann,, 876, 136 (1910) 80

(CoiNHtOten^KNO,),
Hal m-742

(HCrfiiO,)

When a suspension of tetraethylenediaminemuaminoperoxodicobaltic

nitrate contained in 30 cc HtO is treated w’ith 3-4 cc glacial acetic

acid and then 6 grams of sodium iodide added, a thick black crystalline

magma is formed of the periodide. An excess of sodium thiosulfate

is then added and the solution warmed till a dark red color develops.

Upon cooling the greater part of the iodide separates out and is

filtered and washed with alcohol and ether. The product is light red

in color

l(C,H,Nt),CoOtNHtCo(C,HtN,).)(NO,)t + 4NaI

+ HCtHtOi + 2Na3i0i + H,0
^ l{CtHtN,)tCoNHt(OH)Co(C,HtNi)t]It + 3NaNO,

+ (NajSiOt + 2NaOH + NaCiH,Oi)

4tA. Wem«r, Ann., 376, 7$ (1910)
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|Co,(NH,),(H,0),NH,OHl(NO,).

III-743

K1
A solution of diaquohexammiDomuaminooldicobaltic nitrate is

warmed with acetic acid on the water bath and an excess of potassivim

iodide added- As the solution cools, prismatic needles or lustrous

plates of hexamminomuolaminoacetatodicobaltic iodide deposit.

The compound is easily soluble in water and warm acetic acid.

Aqueous solutions are neutral in reaction.

[(NH,),H,OCoNH,OHCoH,0(NH,),)(NO,)4 + HC,H,08 +3KI
-^((NH,),CoNH,OH(C,H,0,)Co(NH,),)I, + 3KNO, + HNO,

+ 2H80
A. Werner and J. Furstenberg, Ann., 375, 100 <1910) £0

[Co,(NH,)iNH,0,I(NO,)*

in-744

4 Grams of octamminorouaminop^eroxodicobaltic nitrate are dissolved
In 00 cc of water and 25 grams of ethylene diamine in 10% aqueous
solution are added. The solution is heated on the water bath until

the odor of ammonia becomes faint. The brown colored solution is

cooled and nitric acid added until an olive green color is produced.
The solution is cooled in ice and crysUls separate. These are dis*
solved in a minimum of water, fUtered and treated with nitric acid.
The green crystals of tetraethyleoediaminomuaroinoperoxodicobal tic

nitrate which deposit are washed with alcohol and ether then dried.

[(NHj)4CoNH,0,Co(NH,)d(NO,)4 + 4C,H,N,
-^1(C|H4N,),CoNH,0,Co(C,H,N,)J(NO,)4 + 8NH,

A. Werner, Ann., 875, 70 (1910) ^

[Co,(NH,),NH,NO,KNO,),
UN

JJJ

A warm concentrated aqueous solution of octamminomuaminoniti ito-
dicob^tic nitrate is treated with pyridine and the double salt with
pyridine deposits as flesh colored crystals. These arc washed witli
alcohol and ether then dried over sulfuric acid in a desiccator.

((NH,),CoNH,NO,Co(NH,),I(NO,), + CtH,N
^ I(NH,),CoNH,NO,Co(NH,)4]<NO,), • CiHsN

A. W'erner, Aon., 375, $$ (1910)
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1Co,(NH,)«C,H,0,(H,0),NH,1(NO,)4

UI-746
A solution of diaquobexaznminoinuamiDoacetAtodicobaltic nitrate
is cooled and treated with 40% hydrobromic acid. Red crystals of

diaquohexammiDomuaDinoacetatodicobaltic bromide deposit. The
compound dissolves in water and the solution has a strong acid
reaction.

((NH,),H,OCoNHt{CtH,0,)CoH,0(NHi)i|(NO,)4 + 4HBr
—
> [(NHj)jHtOCoNH*(CjHiOt)CoH*0(NHi)*]Br4 + 4HNOj

A. Werner and J. PursUnberg, Ann., $76. 103 (1910) to

(Coi(NH,)4{H,0),NHiOH1(NO,)4

^ III-747

DiaquohexammiDomuolaminodicobaltic nitrate is dissolved in warm
water and concentrated hydrochloric acid added. As the solution

cools, violet crystals of trichloroaquobexamminomuaminodicobaUic
chloride separate. These are converted to tetrachlorohexamznino*

muaminodicobaltic chloride when heated to 60-5^0.

(a) ((NH,)*HtOCoNH,OHCoH,0(NH,),)(NO,)4 + 6HCI
-»[(NHi),CUCoNH^oCIHtO(NH4)JCU + 2H,0 + 4HNO4

(b) [(NH,),CUCoNH,CoCIH,0(NH,),)CU

-r((NH,),Cl,CoNH,CoClt(NHt),lCl + HtO

A. Werner and S. Mslmgren, Add., $76. 96 (1910) SO

(Co,(NH,)J4H,NO*](NOi)

in-748

A solution of ociamminomuamiDonitritodicobaltic nitrate is treated

with concentrated hydrochloric acid. The color of the solution

changes to dark orange and soon crystallises. The crystals are

removed by fUtration, washed with hydrochloric acid and recrystal-

lised from water acidified with hydrochloric acid. Rhombic crystals

of octammiDomuaminonitritodicobaltic chloride with one HaO are

deposited. The compound is easily soluble in water.

[(NH,)4CoNH,NOtCo(NH»)4l(NO,)4 + 4HC1
^ ((NH,)4CoNH*NOtCo(NH,)4)Cl4 -i- 4HNOi

A. Werner. Ann., 876. 67 (1910)
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|Co,(NH,)*(H,0)tNH,OHKNO,)i

ni-749

1 Gram of diaquohexamminomuolaminodicobaltic nitrate is added to

7 cc of hot water and dissolved by the addition of a few drops of nitric

acid. 18 cc of concentrated nitric acid are added and the color of the

solution changes from red to brownish red. After a few minutes,

yellowish brown needles begin to form. The solution is cooled in ice

and alcohol added to increase the yield. The compound formed is

nitratoaquobexamminorauoUminodicobaltic nitrate and the crystals

have two HjO.

[(NH,),HjOCoNH,OHCoH,0(NH,),|(NO,)4 + H,0
-[(NHt)iHiOCoNH,OHCoNO,{NH,),l(NOi)i + HaO

A. Werner and J. Furatenberg, Ann., 879, 98 (1910) SO

(Co,(NH,)iNH,O,1(N004
HNO, III-760

When octamminomuaminoperoxodicoballic nitrate is treated with
nitric acid and ethylene diamine, olive-green crystals of tetraethylene-
dlaminemuaminoperoxodicobaltic nitrate are formed.

[(NH,)4CoNH,OjCo(NH,)i|(NO,), -h 8HNOi -f- 4C|H|N|
^((C,H,N»),CoNH,0,Co(C,H,N,),1(NO,)4 H- 8NH4NO,

A, Werner, Ann., 37 S, 70 (1910) //

HNOi

VaNOt

[Co,(NH,),NH,0,KNO,),

ni-761

A suspensioD of octamminomuaminoperoxodicobaltic nilj'ate in
water is treated with excess nitric acid. A solution of sodittm nitrite
IS added dropwise until the color changes from green to dirty-brown
to orange-yellow. When no more dark spoU remain, the product is
removed by fUtration and recrystallised from dilute nitric acid.

4[(NH,),CoNH,0,Co(NH,),1(NO,)4 -I- 4HN0, -h 4NaNO,
^4[(NH04CoNH.NO,Co{NH,).1{NO,), -I- 4NaNO, -|- 2H*0

I OQ
A. Werner, Ann., 379, 54 (1910)

*

4t
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[Co,(NH,),NHtNOJ(NO,),

in-762

A solution of ocUmminomuamiDODitritodicobaltic nitrate is treated
with dilute sulfuric acid and insoluble octamzninomuaminonitrito-
dicobaltic sulfate precipitates as small orange colored crystals with
two HjO. The salt dissolves in concentrated sulfuric acid to form
a dark orange colored solution from which water precipitates
compound.

[(NHi)*CoNH,NO,Co(NH,) 4l(NOi), + 2H,S04
— ((NH,)4CoNH,NO,Co(NH,)*1(SO*), + 4HNO,

A. Wemt, Aon., STS, 60 (1910)

(Co,(NH,)iNH,0,](NO,)i
H,S04 IIT-753

UtO

An aqueous solution of octarominomuaminoperoxodicobaUic nitrate,

or the corresponding chloride or acetate, is transformed by the action

of dilute sulfuric acid into grayish«green lustrous crystals of dihy-

drated octamminomuaminoperoxodicobaltic sulfate.

((NH,)4CoNHjOtCo{NH,)4l(NO,)4 + 2HtSOi + 2H,0
[(NH,)*CoNHtO,Co(NH,) 4|(S04 ), + 4HNO4 + 2HjO

A. Wemcr. Ann., 376. 67 (1910) 4 /

[Co,(NH,),(H,0),NH,OH](NO,)4
KI in-764

A dilute solution of diaquohexammiDomuolaminodicobaltic nitrate

is treated with solid potassium iodide and a crystalline mass precipi-

tatea. This is recrystallised from water care being taken to avoid

high temperatures as the compound decomposes. If the compound
is prepared from too concentrated solutions of the starting material,

the nitrate is occluded in the precipitate. The compound formed is

hexamminorouaminodioldicobaltic iodide and is obtained as brownish

red needles.

[(NH,)iH,OCoNH^HCoH/)(NHj)i|(NOi) 4 + 3KI
^ I(NHa),CoNHtOHOHCo{NHi) 4lI, + HtO + 3KNOj + HNO3

A. Werner and J. Furstenberg. Ann., 376, 91 (1910) go
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KI

(Co,(NH,),NHtNOt]{NO,),

m-766

A cold aqueous solution of octamminomuaminonitritodicobaltic

nitrate is treated with a solution of potassium iodide. The brownish

red octamminomuaminonitritodicobaltic iodide precipitates. It is

recrystallized from water containing potassium iodide and the

compound is obtained as large dark red prisms which have one HsO.

((NH,) 4CoNHjNO,Co(NH*) 4l(NO,)4 + 4KI
[(NH,)4CoNHiNOtCo(NH,)4)l4 + 4KNOs

A. Werner, Ann., 37S, 59 <1910) 20

(CotNH}Osen i)(N0j) 4

NH4Br III-768

A cold saturated aqueous solution of tetraethylenediaminomuamino-
peroxodicobaltic chloride is treated with ammonium bromide and
tetracthylcnediaminomuaminoperoxodicobaltic bromide precipitates

as a crystalline mass which is purified by recrystallization from water
by the addition of ammonium bromide. The crystals are yellowish
green in transmitted light and almost black in rejected light. Aque-
ous solutions are yellowish green in color and neutral in reaction.

[(C,H,N,),CoNH,0,Co(C,H,N,).1(NO,)4 + 4NH4Br
-((C,H,N,),CoNH,0,Co(C,H,N,)alBr4 + 4NH 4NO,

A. Werner, Ann., 97S» 71 (1910) on

lCo,(NH,),(H,0),NH,OHl(NO,),
KHiBr

A warm, rather concentrated aqueous solution of diaquohexammino-
muolaminodicobaltic nitrate is saturated with ammonium bromide.
As the solution cools, dark red crystals of hexamminomuaminodiol-
dieobaltic bromide with one H,0 deposit. The compound is fairly
soluble in water and the solution is neutral in reaction.

m-767

l(NH,),H,OCoNH,OHCoH,0(NH,),)(NO,), + 3NH,Br^ l(NHj),CoNH,OHOHCo(NH,)aJBr, + 3NH.NO, + HNO,

A. Werner and J. FursUnberg, Ann., 376, 91 (1910)

^
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[Co*(NH,),NH,0,KNO,)4
NH4CI m-768

NH^Br

1 Gram of octamminomuaminoperoxodicob&ltic nitrate and 1 gram
of ammonium chloride are dissolved in 5 cc of water and the solution
boiled over a free flame until the color of the solution changes to
brown. Ammonia is evolved. Solution is filtered and 4-5 volumes
of concentrated hydrochloric acid added to the filtrate. After a
short time brown to black crystals of hexamminomuolaminoperoxo*
dieobaltic chloride deposit. 1 Gram of these crystals is dissolved in
the smallest possible quantity of water and 1.5 grams of silver nitrate

added. The solution is heated until no more silver chloride precipi*

tales. Filter and add ammonium bromide. The solution is stirred

until green crystals bepn to form from the red solution. Addition of

alcohol increases the yield.

(a) [(NHi) 4CoNHiO,Co(NH,)J(NO,)4 + 3NH 4CI + H,0
((NHi),CoNH,OHO,Co(NH,),]Cli + NHt + 4NH 4NO,

(b) UNH,)iCoNH,OHO,Co(NH,),lCU + aNH^Br
^ [(NH,),CoNH,OHO,Co(NH,)»]Br, + 3NH4a

A. W^fQcr sad A. Crigorieff, Ann,, 575, 106 (1510) go

[Cot(NHi)iNH,0,l(NO,)4
(NH4)>C0, in-769
HCl

5 Grams of air dried octanuninomuaiuinoperoxodjcobaltic nitrate are

suspended in 25 cc of water and 5 grams of ammonium carbonate

added. The solution is heated over a free flame until the color

changes from olive green to brown red. The solution is Altered and
cooled in an ice bath then 20 cc of concentrated hydrochloric acid

added dropwise when there is a copious evolution of carbon dioxide

and dark olive green crystals begin to deposit. The solution is

allowed to stand about 20 minutes then concentrated hydrochloric

acid added when crystallisation begins. The compound formed is

unsymmetrical d ichlorohexamminomuaminoperoxodicobaltic chlo-

ride and it is soluble in water.

(a) ((NH,)iCoNHACo(NH,)4](NO,)4 H- 2(NH4),C0,

— l(NH,)4CoNH,0,Co(NH,)4l{COs), + 4NH 4NO 1

(b) [(NH,)4CoNH,0,Co(NH,)4l(COt), + 6HCI
^ [(NH,),CoNH,0,CoClj(NH,)JClt + 2NH4a H- 2HiO H- 2CO,

A. W>mr and M. Grigori«S, Ann., 376, 111 (1910) fO
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[CojNHiOten^)(NOj) 4

Nal 1II-760

AgNOi

3,8 Grams of tetraethylenodiaminomuanjiDoperoxodicobaltic nitrate

are suspended in 5 cc of water and 8 cc of ammonium hydroxide added
then 8 grams of sodium iodide and a little sodium thiosulfate, The
precipitated mass is washed with alcohol and ether then recrystallized

from aqueous solution by the addition of potassium iodide- These
crystals are dissolved in water and an aqueous solution of 1.8 grams
of silver nitrate added. The solution is filtered and 3 grams of silver

nitrate added to the filtrate, the solution cooled in ice when crystals

of the silver nitrate double salt with tetraethylenediaminomuimino-
peroxodicobaltic nitrate precipitates.

(a) [(C,H«Nj)jCoNH,OjCo(C,HiNj),
1(N04)4 + 3NaI

-^((CjH|N,),CoNHO,Co(C,H|N,)*IIi + 3NaNO, + HNO,
(b) [(CiH*Nj)iCoNHO|Co(CfH|N,),)I, + 8AgNO»

[(CiHiN,)tCoNHO,Co(C,HtNi),l(NOt)r6AgNO, + 3AgI

A. Wemer, Ann., 375, 75 (1910) sa

[Co,(NH,).(H,0>,NH,OHJ(NO,),
NaNO,

HCl

I Gram of tetraaquohexammioomuolaminodieobaltic oitrafe is mixed
with 0.25 gram of sodium nitrite and sufficient water added to dissolve
the material. The solution is warmed and the color changes to
orange. When solution is complete it is treated with concentrated
hydrochloric acid. Reddish brown crystals of dichlorohexammino-
muaminonitritodicobaltic chloride deposit. These have one HjO.

(a) ((NH,)j(H,0),CoNHsOHCo(H,0),(NH,),)(NO,), + SNaNO,
-»[(NH,),(H,0).CoNH,NO,Co(H,0),(NH,),)(NO,)4 + NaOH

+ dNaNOj
(b) [{NH,),(H,0),CoNH,N0.Co(H,0),(NH,),](N0,)4 + 4HC1^ ((NH,),ClCoNH,NO,CoCl(NH,),jCI* + 4H,0 + 4HNO,
A- Werner aod S- Malmgren, Ann., 375, 99 (1910) ^
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(Cot(NH,),NHiOtl(NOt)i

NagSiOi III-762

An aqueous solution of octamminomuaminoperoxodicobaltic nitrate

is acidified with acetic acid and a solution of sodium dithionate

added. Lustrous^ silky, leafy crystals of octamminomuamino-
peroxodicobaltic dithionate with a brown surface color are formed.

The compound dissolves in water to produce a green colored solution

although it is only slightly soluble in water.

|(NH,),CoNH,OiCo(NH,)i)(NOj) 4 + 2Na^:Oi
— l(NH,)4CoNH,0,Co(NH,)4l(S,0»)» + 4NaNO,

A. Werner, Ann., 876, 70 (1910) to

ICoi(NH,)iNH,NO,1{NO,)4 CiH*N
KiSOi 1II-763

The pyridine double salt of octaiDmiDomuaminonitritodicobaltic

nitrate is dissolved in water and a dilute solution of sulfuric acid added.

Octammioomuaminonitritodicobaltic sulfate precipitates. The com-

pound has two HfO.

[(NH,)4CoNH,NOrf:o(NH,)4](NO,)i'CiHiN + 2H,S04

l(NHi)4CoNHeNOtCo(NH>)4l(804)> + 4HN0i + CiH^N

A. Wemer, Ann., 876, 67 (1910) tO

lCo,{NH,)e(NO,)4)S04

BaCU m-7$4

Barium chloride reacts with dinitritotetraamminocobaltic sulfate to

form dinitritotetraamminocobaltic chloride, and barium sulfate.

The complex salt is orange colored.

[Co,(NH,)i(N0,)4lS04 + BaCU-> BaSOi + [Coi(NH,)»(NOi)4ia8

W. Gibbs, Ber., 6, 832 (1873) H
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[Co,(NH,)s(NO,)iJS04

Ba(NO,)2 in-766

Barium nitrate reacts with dinitrotetraammino cobaltic sulfate to

form dinitrotetraamino cobaltic nitrate and barium sulfate. The
complex salt is orange colored.

|Co,(NH,),(NOj>.]SO* + Ba(NO,),

-»BaSOi + [Co,(NH,),(NO,).](NO,),
\V. Gibba, Ber., e. 832 (1873) j,

(Co,(NHa)»CI,OHNO,IS04
Na^SsOi

III-766

Dichlorohexamminomuolnitritodicobaltic sulfate is triturated with a
concentrated aqueous solution of sodium dithionate. Violet dichloro-
hexamminomuolnilritodicobaUlc dithionate is formed. The com-
pound is easily soluble in water.

((NHj),ClCoOHNO,CoCl(NH,)alSO, + Na,S,0.
— [(NH,),ClCoOHNO,CoCI(NH,),]S,0 . + Na^O*

A. Werner, E. Bindachcdler and E. Welti, .Km.. 127 (IfllO)

(Co,{NH,),NH,S04|SOr HSO^

III

Ocumminomuaminosulfatodicobaltic hydrogensulfateissuspended ia
cod and treated with nitric acid. Octamminomuamino-
SQlfatodicobaltic n.trate separates as a mass of violet red crystals
which are recrystalliaed from water acidified with nitric acid

1(NHj)4CoNHjSO4Co(NH,)4)S04-HSOi + SHNOj
l(NH,)4CoNH^04Co(NH,>ii(N0,),

-f 2HjS04
A. Werner, Ann., 876, 53 (1910) W
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[CoNOjNCSeniljSO*
Ba(NOi), in-708

A solution of els zutritoisotbiocyanatodiethyleDediamino eobaltic
sulfate acidified with acetic acid is treated with the calculated amount
of barium nitrate in solution. The solution is wanned on the water
bath until no more precipitate forms, filtered and concentrated.
Large brown wart shaped crystals of cU nitritoisothiocyanatodiethyb

enedlamino eobaltic nitrate deposit as the solution cools.

[NO,NCSCo(C,H|N*),i^04 + Ba(NO,),
^ 2[NO,NCSCo(CtH,N,),|NO, + BaSQ

4

A. Weraer aod C. Rix, Ana., S6S, 236 (1912) ^

lCoN0iNCScn,],S04
HBr m-769

Cis nitritoisothiocyanatodiethylenediamino eobaltic sulfate is added

to concentrated hydrobromic acid and the solution heated to 70-80*C.
Gas is evolved and the solution changes to a deep red color. After

most of the sulfate has dissolved, the solution is Altered and again

heated for a short time then allowed to stand several hours. Dark
red crystals of pure cis bromoisothiocyanatodiethylenediamino

eobaltic bromide deposit. The yield is good.

[NOiNCSCo(C,H 4N,), 1
,S04 + 2HBr

-21BrNCSCo(CtH|N,)i)Br + HtSOi + 2NOi

A. Wrrnrr and R. SchmidI, Ann., $66, 160 <1912) to

ICo,(NH,)iNHiNOJ(804)i
BaBrs ni-770

HBr

A solution of octamminomuaminonitritodicobaltto sulfate is treated

with the calculated amount of barium bromide and the solution

acidihed with hydrobromic acid. This solution is warmed on the

water bath, filtered to remove barium sulfate and then acidihed

with hydrobromic acid until no more precipitation occurs. The solu-

tion is concentrated slowly and brown red rhombic prisms of octam-

miDomuaminon itritodicobaltic bromide w*ith three H<0 deposit. The
crystals loose their water of crystallization at 105^0.

l(NH4)4CoNHiNOiCo(NHj)4l(S04)i + 2BaBr,

((NH,)4CoNH,NO*Co(NH4)4lBr4 + 2BaS04

A. Wemer, Ann., $76, 58 (1910) iO
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[Co,(NH,)*NH,OH|(SOi),

HBr
, . ,

Octam ininomuolarainodicobalt ic sulfate is treated with concen-

trated hydrobromic acid. Bromoaquooctamminomuaminodicobaltic

' bromide separates as a violet brown crystalline mass which is washed

with alcohol until free from acid. The residue is dissolved in a small

volume of water and the salt precipitated by the addition of hydro-

bromic acid. The compound dissolves in water to form a reddish

brown solution which has an acid reaction. Upon standing, the color

changes to carmine red and red prismatic crystals of octamminomu-

olaminodicobaltic bromide deposit. These are reconverted to

bromoaquooctamminomuaminodicobaltic bromide upon addition of

hydrobromic acid.

((NHj)iCoNH,OHCo(NH,)4](S04, + 5HBr
[(NH>)4BrCoNH>CoHtO(NHa) 4lBr4 + 2HtS04

A. Werner, Ann., 375, 50 (1910) ^

[Cot(NH,),NH,0,KS04 )i

HBr
OctammioomuaroiDoperoxodicobaltic bromide is formed when octam-

minomuaminoperoxodicobaltic sulfate is triturated two or three

times with concentrated hydrobromic acid. The bromide is recrys-

tallised from water by the addition of hydrobromic acid. It is

obtained as dark green crystals with one H»0. The compound is

easily soluble in water.

[(NH,)iCoNH,OjCo(NHj)4l(S04)f + 4HBr
-[(NH,)4CoNHtO,Co(KH,)4lBr4 + 2H,S04

A. Werner. Ann., 375. 59 (1910) ^

[Co,(NH,)eNHtNOd(S04)*

HCl III-773

Octamminomuaminonitritodicobaltic sulfate is rubbed with concen-

trated hydrochloric acid. The sulfate dissolves and, in a short

time, the solution sets to a crystalline mass. This mass is dissolved

in a small volume of water, hltered and allowed to stand. Dark

brown prisms of octarnminomuaminonitritodicobal tic chloride with

one H:0 deposit. An aqueous solution of the compound is acid in

reaction and hydrochloric acid reprecipitates the salt.

[(NH,)4CoNH:NO:Co(NHj)4](S04)s + 4HCI
-*‘((NH,)4CoNHJ40*Co(NH,)4]Cl4 + 2HjSOi

A.Werner, Ann.. $75, 57 (1910) SO
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[Cot(NH,),NH^,](S04)*

m-774
OctamminomuaminoperoxodicolMJtic sulfate is triturated two or
three times with cone, hydrochloric acid. Octamminomuamino-
peroxodicobaltic chloride is formed. It is almost insoluble in con-
centrated hydrochloric acid but can be recrystallised from a concen-
trated aqueous solution by the addition of hydrochloric acid. The
compound Is obtained as small green crystals.

{(NH,)4CoNH,0,Co(NH,).1(SO.), + 4HCI
[(NH,)4CoNH.O,Co(NH,).]C1, + 2H^O,

A. W«rner, Ann., STB. 68 (1810)

[Coi(NH»),NH,OJ(804)i
HNO, 111-775

Octarnminomuaminoperoxodicobaltic sulfate, when treated with
nitric acid, yields dark green prismatic crystals of the corresponding
complex nitrate. Water solutions of the latter decompose upon
heating to yield cobalt oxide.

[(NH,) 4CoNH,0,Co(NH,) 4l(S04)i + 4HNO,
•-»-[(NH,)4CoNH,0,Co(NH,)*1(NO,)4 + 2H 18O4

A. Werner, Ann., 376. 66 <1010) i/

[Co,{NH,)4(OH)iH,OOi1,(S04),
NH*Br m-77e

Hydroxoaquohexamminomuolperoxodicobaltic sulphate is made into

a thick mass with a small volume of water and an excess of solid

ammonium bromide added. The mixture is rubbed, dissolved in a
small volume of water and excess ammonium bromide added when
hydroxoaquohexamminomuolperoxodicobaltic bromide precipitates

as a greenish brown crystalline powder with one HjO. The com-
pound dissolves in water to form a brown solution which is alkaline.

((NH,),OHCoOHO*CoH,0(NH,),1,(S04). + 6NH*Br
-»2((NH,),OHCoOHO,CoH,0(NH,),]Brj + 3(NH4)^04

A. Werner and E. Welti, Ann., 876, 136 (1910) £0
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NH^CI

[Co,(NH,)t(OH),H,OO,),(SO0<
in-777

1 Gra.m of hydroxoaquohexamminomuolperoxodicobaltic sulfate is

dissolved in a small volume of water acidified with acetic acid and an

excess of ammonium chloride added. The mixture is triturated, dis-

solved in a small volume of water and the solution saturated with

ammonium chloride. The precipitate is removed by filtration added

to water slightly acidified with acetic acid and warmed until solution

is complete. Upon cooling, brown crystals of hydroxoaquohexam-

minomuolpcroxodicobaltic chloride deposit. The compound dis-

solves in water to form a brown solution.

((NH,)*OHCoOHO,CoHiO(NH,),),(SO*), + 6NH.C1
-^2((NH,)jOHCoOHO*CoH,0(NH,)i]Cli + 3<NH4)«S04

A. Warner »nd E. Welti, Ann., $75, J36 (1910) 90

[Co,(NH,)»(OH)tHiOO,I,(S04 ),

NH*NO» III-778

1 Gram of hydroxoaquohexamminoTnuolperoxodicobaltic sulfate is

dissolved in a small volume of w'ater acidified with acetic acid, solid

ammonium nitrate added and the mixture triturated. The solution

is filtered and ammonium nitrate added to the filtrate. Hydroxo-
aquohexamminomuolperoxodicobaltic nitrate precipitates as a crys-

talline mass. It is recrystallised from w*arm svater by the addition of

alcohol. The crystals are dark brow'n in color.

[(NHa)*OHCoOHOiCoH,0(NH,),),{S04), + 6NH4NO,
-2((NH4),OHCoOHO,CoH|0(NH,)a|(NOa)i + 3{NH4):S04

A. Werner and E. Welti, Ann.. 976, 137 (1910) 60

(CoHaONCSeotlfStOa
KSCN ni-779

Cis aquoisothiocyanatodiethyienediamino cobaltic dithionate is dis-

solved in a small volume of water and solid potassium thiocyanate
added. A bright red precipitate forms which is dissolved in water to
form a concentrated solution and cis aquoisothiocyanatodiethyicne-
diamino cobaltic thiocyanate precipitated by the addition of potas-
sium thiocyanate. The crystals are washed with alcohol and ether.

[NCSH,OCo(CsH*N,),1*S,04 + 2KSCN
-»2(NCSH,OCo(C,H.N*),l(SCN>i -h

A. Werner and R. Schmidt, Ann., 38S, 156 (1912)
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[Cot(0H
) (SjO») 1

NH3r ni-780
t Grams of tetraethylenediaminomudioldicobaltic dithionate are
digested for 10 minutes with 10 grams of ammonium bromide and 25
cc of water. 10 cc of water are added, the solution filtered and solid
ammoDium bromide added. Red violet crystals of tetraethylene-
diaminomudioldicobaltic bromide with four HiO deposit.

l(C,HeN,),CoOHOHCo{C,H»Nt),l(Srf>0, + 4NH«Br
--[(C,H»N,)*CoOHOHCo(C,H,N,),)Br, + (NHOaSjO,

A. Wemfr. Aod.» $75, 85 (1910)

go

lCo,(NH,).(0H).)Cl,

HCl III-781

A solutioD of hexarominohexoltricobaltic chloride is treated with
hydrochloric acid in the cold when one of the hydroxo bridges is

broken with the formation of diaquohexamminopentoltncobaltic
chloride. The compound is obtained as a green mass which dissolves

in water to form a greenish brown solution from w'hich the compound
may be reprecipitated upon the addition of hydrochloric acid.

[(NH,)iCo(OH),Co{OH),Co{NH,),lCU + HCl + H,0
-> [(NH,)iHiOCo(OH)>H|OCo(OH),Co(NH»)>]CL

A. Werner and E. Ann., 875, 143 <1910) go

[Coi(NHe)«(OH)elCli

NH4Br m-782

2 Grams of bexamminohexoltricobaltic chloride is treated with 1 cc of

concentrated arorooniuiu hydroxide and added to 80-100 cc of cold

water. The deep brown colored solution is filtered quickly, cooled

and ammonium bromide added to the filtrate. Small brown crystals

of hexamminohexoltricobaltic bromide deposit. They are washed

with alcohol and ether then dried.

|(NHi),Co(OH)3Co(OH),Co(NH,),ICU + SNH^Br
[(NH,),Co(OH),Co(OH),Co(NH,),lBr» + 3NH4CI

A. W«ni«rand £. Welti, Ann., 876, 142 (1910) gO
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(Cc,(NH,)«(OH)*)CU

Na,S,0,

I Gram of hexamminohexoltricobaltic chloride is dissolved in water,

filtered and the filtrate treated with solid sodium dithionate. Brown

crystals of hexamminohexoltricobaltic dithionate form. The com-

pound is almost insoluble in water.

2((NHj),Co(OH)5Co(OH),Co(NH,),1CI, + 3Na»S,0*

— ((NH,),Co(OH),Co(OH),Co(NH,),l*(S*0.), + 6NaCl

A. Werner end E. Welti, Ann.. 376, 143 (1010)

[Co»(OH)«(HiO)ten«KSO«)t

NHiBr 111-734

1 Gram of diaquotetradiethylenediamino telroltricobaltic sulfate is

added to 3 grams of ammonium bromide and a little water added.

The solution is warmed and it becomes a red violet color. The solu-

tion is cooled and solid sodium bromide added. A crystalline mass of

trans bromoamminodiethylenediamino cobaltic bromide mixed with

ammonium sulfate precipitates. The precipitate is dissolved in hot

water, filtered and cooled. Dark red violet to black rhombic crystals

of the bromide deposit.

|(C,H,N,),Co(OH),Co(HiO)*(OH),Co(C,H|N,)*](S04)i

+ fiNH^Br 2H,0
-*2(BrNH*Co(CjHiNi)j)Br* + lCo(HiO)ilS04 + (NH,),SOi

+2(NH40H)

A. Werner and \V. Bote, Ann., 366, 179 (1912) tO

[Co,(NH,)e(OH)i),(S04)t

FH 4CI 111-786

24 Grams of hexammloobexoltricobaltic sulfate are mixed with 24

grams of ammonium chloride, a small volume of water added and the

mixture rubbed thoroughly. The residue obtained by filtration is

retreated with ammonium chloride as above and this process repeated

three times. The final residue is the olive gray colored hexammino-
hexoltrieobaltic chloride. It is purified by dissolving 2 grams in 80 cc

of w'ater acidified with acetic acid, filtering and ad<ling 2 grams of

ammonium chloride to the filtrate. Dark green crystals of the

chloride with three H 2O are obtained. Additional chloride may be
obtained by cooling the solution and adding hydrochloric acid.

l(NH,)8Co(OH),Co(OH)aCo(XH,),),(S04)2 -h 6NH4CI
2((NH,)jCo(OH),Co{OH),Co(NH,),ia, H- 3(NIl4)2S04

A. Werner and E. Welti, Ann., 876, 141 (1910) 20
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HiCoO,
* m-786
Cobaltous acid is reduced to cobaltous hydroxide by hydrotren
peroxide.

®

HiCoO, + Co(OH), + H,0 + 0,
A. C. RobeHeon, J. Acn, Ch«m. Soc-, i8» 2078 (1926) i

H,CoO,

ra-787

Cobaltous acid is reduced by hydrogen peroxide in the presence of
hydrochloric acid.

HaCoO, + H,0, + 2HCi CoCI, + 3H,0 + 0,

A. C. RobertaoD, J. Am. Chem. S&c., 48, 2078 (1926) j

H,Co(CN),
BaCOi in-788

Cobalticyanic acid is neutralised by barium carbonate and the solu-
tion evaporated.

2H,Co(CN). + 3BaCO,^Ba,[Co(CN),|, + {3H,0 + 3C0,)

C. Zwenger, Ana., 68, 169 (1847) m

NH,OH
H,Co(CN),

lOH III-789

Cobalticyanic acid is neutralised with ammonium hydroxide and the

solution evaporated.

H,Co(CN). H- 3NH 4OH -> (NH4)>Co(CN)< HtO + 2HtO

C. Zwenger, Ann., 62, 157 (1847) gs

H,Co(CN)i
NiSOi III-790

Cobalticyanic acid is added in excess to a solution of nickelous

sulfate.

2H,Co{CN) 4 + SNiSO* + 12H,0

-Ni,(Co(CN)4)rl2H,0 ^ fSHiSO,)
S6C. Zwenger, Ann., 62, 157 (1847)
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NO
KCo(CO)4

ni-791

HjO
Oobalt nitrosyl carbonyl is formed by the addition of nitnc oxide to

the potassium salt of cobalt tetracarbonyl.

KCo(CO>i + NO + H,0^ Co(CO)»NO + CO + KOH -f

A. A, Blanchard and P. Gilmont, J. Am. Chem. 8oe., 62, 1192 (1040)

KCo(NO,)< 2NH,
NH 4NO 3

III-792

Potassium tetramtrito cobaltate diammoniate is heated with an

equivalent weight of ammonium nitrate to give cobaltic nitrite

triammonia te.

KCo(NOi) 4
‘ 2NH, + NH 4NO,

Co(NO,), 3NH, + (HNOt + KNO,)

A. Werner, Kelv. Chim.. 1, 9 <19 1 8) 78

KH,Co,(CN)„ HiO
AgNO) 111-793

A salmon colored precipitate of silver cobaltocobalti cyanide is formed

on adding a large excess of silver nitrate to a solution of mono-
potassium cobaltocobalti cyanide.

KHaCoj(CN)ii-H,0 -I- 3AgNO,
AgjCot(CN)ii H>0 -h KNO, 2HNO,

C. L. Jackson and A. M. Comey, Am. Chem. J,. 19, 275 <1897) 13

KH,Co,(CN)n H,0
BaClj 111-794

Solutions of monopotassium cobaltocobalti cyanide and barium
chloride in excess react to form a precipitate of barium cobaltocobalti
cyanide.

KH 8Coa(CN)n H*0 H- BaCU -f- H,0
.5H,0 + BaHCo, (CN)irl.3HgQ + KCl + HCl

C. L, Jackson and A, M. Ccmey, Am. Chem. J., X9» 275 <1897) JS
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KH,Co,(CN)ii H,0

111-796

A greenish blue flocculent precipitate of cupric coballocobalti
cyanide is formed by adding copper sulfate to monopotassium
cobaltocobalti cyanide.

2KH,Coi(CN)x, 2H^ + 3CuS04
^ Cu>(Cot(CN)n)> 4HiQ + KiSO* + 2H^04

C. L. Jackson and A. M. Comey, Am. Chem. J., 19, 276 (1897)

KH,Co,<CN)n H,0
KC2H1O, in-798

A pink, flocculent precipitate of dipotassium cobaltocobalti cyanide
is produced when a solution of monopotassium cobaltocobalti
cyanide is treated with potassium acetate and alcohol.

KH|Coi(CN)„ HtO + KC,H,Ot + H,0
K,HCo<(CN)ir2H>0 + HC,HiOt

C. L Jackson and A. M. Comey, Am. Chem. J.. 19, 271 (1897)
Ref., J. Am. Chtm, Soe., 19. 108 (1897) /

SS

K,Co(C,04),
HjOj III-797

A solution of potassium cobalt oxalate obtained from cobalt and
potassium oxalates is treated with 20% solution of hydrogen peroxide.

2K,Co(C,04), + 3H,0 + H,Oi -> (KiCoCCtOQi 2HtO)tO

R. G. Durrant, J. Them. Soc. (London), 87, 1785 (1905) gs

KtCo(NO,)4
KjPb(NOj)4

Potassium cobaltonitrite reacts with potassium plumbonltrite.

K,Co(NO,) 4 + KJ»b(NOj)4 2KNO, + Pb(Co(NOt)4)

Cuttica, Gaas. chim. ital., 63, 185 (1923)

in-798

es
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KtCoO,

HiS04 III-799

When potaasium cobaltite i$ treated with cold dilute sulfuric acid,

cobalt oxysulfate is formed.

K^oO, + 2H,SOi KiSOi + CoOjSO, + 2HiO

A. H. McCoanell imd £. S. Hanes, J. Chem. Soc. (Undon), 71:1 5SS (1897) i09

K,Co(CN)i
AgNO, 111-800

Silver nitrate and potassium cobalticyanide react in solution to

precipitate silver cobalticyanide.

K,Co(CN)# + 3AgNO, Ag>Co(CN)4 + 3KNOi

E. H. Miller and J, A. Mathews, 3. Am. Chem. 8oc., 8S, $3 (1900) /5

K,Co{CN)s
Bl(KO,), III-801

A solution of potassium cobalticyanide is treated with a nitric acid
solution of bismuth nitrate.

.
K|Co{CN). -h Bi(NO,)* -h 5H,0 BiCo(CN)i«5H,0 + (3KNOi)

Fischer and Cuntse, Chcm. Ztg., 8S, 872 (1902) tS

K,Co(CN),

in-802
Cobaltous chloride and poUssium cobalticyanide react in solution to
form a precipitate of cobaltous cobalticyanide.

2K,Co(CN)» + 3CoCls-> Co,(Co(CN)s)i + 6KC1

B- H. Miller and J. A. Mathews, 3. Am. Chem. Soc., 82, 67 (1900) 13
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CuCl
K,Co(CN)t

m>803
Cuprous chloride and potassium cobalticyanide react in solution to
precipitate cuprous cobalticyanide.

K,Co(CN)i + 3CuCI ^3KCl + Cu,Co(CN),

E. H. Miller and J. A. Mathews, J. Am. Chem. Soe., Q5 (IdOO)

K,Co(CN)s
cusOi ni-eoi

Copper sulfate and potassium cobalticyanide react in solution to
precipitate cupric cobalticyanide.

2K,Co(CN)s + 3CuS04 Cus(Co(CN)e)t + SKjSOi

E. H. MiUer and J. A. Mathews, Jf. Am. Chem. 8oc., 23. 64 (IMO) is

t

K,Co(CN).
FeCU m-S06

Potassium cobalticyanide and fenic chloride react in solution to form

ferric cobalticyanide which precipitates on boiling.

K,Co(CN)e + FeCI, -^ FeCo(CN)s + 3KC1

E. H. MiUer and J. A. Mathews, J. Am. Chem. Soe., 22, 65 (1900) JS

K|Co(CN)<
FeS04 m-606

Ferrous sulfate and potassium cobalticyanide react in solution to give

a yellow, amorphous, slow-settling precipitate, which seems to be a

normal ferrous cobalticyanide.

2K,Co(CN) 4 + SFeSO*^ Fe,(Co(CN),), +
E. H. MUIer and J. A. Mathewa, J. Am. Chem. Soc., 22, 66 (1900) IS
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K,Co(CN)e

HNO3 in-807

A solution of potassium cobalticyanide is evaporated with an excess

of nitric acid and the residue extracted with water.

K,Co(CN)4 + 3HNO, H,Co{CN)4 + 3KNO,

C. Zwenger, Ann., 62, 157 (1547) Z6

K,Co(CN)4
HNO 3 III-60S

A red compound is obtained when strong solutions of potassium

cobalticyanide and nitric acid are boiled together.

3K|Co(CN)i + 9HNO, + H,0
— KH,Co,{CN)i, H,0 + 8KNO, + 6HCN + NO, + HCNO

C. L. Jackson and A. M. Comey, Am. Chem. J., 1$, 271 (1807)
Ref., J. Am. Chem. Soc., 18, 103 (1897) /

K,Co(CN),
HiSO. in-809

Potassium cobalticyanide, on hydrolysis with concentrated sulfuric

acid, yields cobaltous sulfate and carbon dioxide. With more dilute

acid, the hydrolysis is slow but on prolonged refluxing proceeds
according to the following equations:

(a) 2K,Co(CN)4 + 11H,S04 + 13H,0
-^3K,SOi + nCO + 6(NH4),S04 + 2C0SO4 + CO,

(b) 2K,Co(CN)4 + 6H,S04 + 2H,0
‘^3K,S04 + 2C0SO4 + (NH4)HS04 + IIHCN + CO,

Bassett, Cbem. and Ind., 43, 386 (1924)

K,Co(CN),
HgNO, III-810

Mercurous nitrate and potassium cobalticyanide react in solution to
precipitate mercurous cobalticyanide.

K,Co(CN)e + 3HgNO, 3KNO, + Hg,Co(CN)4

B. H. MUIer and J. A. Mathews, J. Am. Chem. Soc-, 22, 64 (1900)
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K,Co(CN),
ZnSO* in-811

Zinc cobalticyanide is formed as a pure, white easily filtered pre-
cipitate when a solution of sine sulfate is added to a solution of
potassium cobalticyanide.

2K,Co(CN) 4 + 3ZnSO, Zd,(Co(CN)>)> + 3KtSO,

E. H. Miller sod J. A. Mathews, J. Am. Cbem. Soc., 2i, 67 (IdOO)

K,Co(CN)«
Light in-ei2

Solutions of potassium cobalticyanide turn yellow when exposed to
light due to the following reactions:

(a) KeCo(CN)e + H,0^ K,Co(CN)*OH + HCN
(b) K|Co(CN)e + HtO KtCo(CN)*H,0 + KCN
R. 8cbwarf and K. Tede, Ber., SO, 66 (1927)

Ref., Matbieu and Comevin, J. Cbim. pbya., 36, 271 (1939) 66

K,Co(C,0,),

NaCl ni-S13

To a solution of potassium cobalt oxalate which bad been saturated

at 30^, with the same amount of sodium chloride, alcohol is

added. Dark green crystals of potassium cobalt sodium oxalate are

obtained.

KeCofCiOO, + 2NaCI + 4H,0 KNa>Co(CiOi)r 4HeO + 2KCI

F. Kehrxnano and N. Pickeragill, Z. anorg. Cbem., i, 133 (1893) is

K,Co(CtO«),

Light m*8U
The photochemical decomposition of potassium cobaltioxalate was

studied:

(a) 2K|Co(C^4), -4 2K,Co(C,0,)i + KeCjOe + 2CO,

(b) K,Co(CtO,),^ 2K+ + Co(C*0,)

—

(c) Co(Ct04)j— Vi Co** + 2C1O4
—

$eJ. Vranek, Z. Elektroebem., S3, 338 (1917)
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K,[Co(NO,)J

10 Gr^ms of trimethyleDedi&mine are diluted with 2^ times its

volume of water, the calculated amount of potassium cobaltic nitrite

added and the solution heated on the water bath. When the reaction

is complete the solution is cooled and large compact yellowish brown

crystals of trans dinitritoditrimethylenediamino cobaltic nitrite

deposit.

A solution of 1 gram of the compound in 20 cc of water reacts with

concentrated sulfuric acid when heated. Gas is evolved and a red

solution results. Nitric acid causes the evolution of gas and forms a

violet solution. Concentrated bydrobromic acid produces a green

solution. Concentrated potassium hydroxide produces a black

precipitate and the following reagents give yellow crystalline precipi-

tates: auric chloride, platinous chloride, potassium dichromate,

mercuric chloride, ammonium thiocyanate, potassium bromide and
potassium iodide.

Ki(Co(NOi)i) + 2C,H,pN, -*((NOi)tCo(C,Hi*N,),lNOi + 3KN0j

A. Werner and 0. Lindeaberg, Am., $8$, 2S8 (1212) SO

KiCo(CN)i
NaOCl III-816

Potassium cobaltocyanide and sodium hypochlorite react in solution

to form potassium cobalticyanide.

2K4Co(CN)i + NaOCl + H/) 2K,Co(CN)i + 2KOH 4- NaCl

E. H. Miller and J. A. Mathews, J. Am, Chem. Soc-, 22, 63 (1200) JS

K4Co(CN)p

III-817

If potassium cobaltocyanide solution is evaporated to dryness in
contact with the air it oxidises to the cobaltic state according to the
following equation:

2K,Co(CN)* + 0^ 2K,Co(CN) 8 + K,0
Jean A. Sanchea, Bull. Soc. Chim., (France), (4), 5, 642 (1209) si
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NH4C0PO,

m-818
Ammonium cobaltous orthophosphate ie ignited.

2NH4C0PO1 CotFtOj + {H,0 + 2NH|)

Clarke and Lewis, Am. J. Sci. (SUl) 13|, 14 » 281 (1877) es

y

Na,Co(NOt)4
AgNO, in-819

SCI

A yellow precipitate of potassium cobaltiniinte is formed when a
potassium chloride solution is treated with sodium cobaltinitrite.

This is converted into the corresponding silver salt in presence of

silver nitrate.

(a) Na,Co(NO,), + (3KC1) ^ K>Co(NQt)t + (3NaCI)

(b) K|Co(NOi)» + 3AgNO, AgiCofNOi)* + (3KNO,)

L. L. Burgaas and 0. Kamm, J. Am. Chen. Soc., 84, 653 (ldl2) /

NaiCo(NOt)«
CHaNHsCl m-820

CaH^HaCl

From a nearly saturated solution of methylammonium chloride, an
excess of saturated solution of sodium cobaltinitrite precipitates

yellow crystalline methylammonium cobaltinitrite. Ethylammo-
nium cobaltinitrite is prepared in a similar manner.

(a) Na,Co(NO,). + 3CH,NH|Cl
- (CHtNH,),Co(NO,), + 3NaCl

(b) NajCofNOi)* + 3CiH4NHrf:i

(CtHaNH,),Co(NO,)« + 3NaCl

M. Cunningham and F. M. Perkin, J. Chem. Soe. (London), 96:3 1564 (1909) S7
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NajCo(NO,)4

KCl ni-821

When an excess potassium salt is added to sodium cobaltinitrite,

tripotassium cobalti nitrite is precipitated. In an excess of sodium

cobalti nitrite, dipotassium cobaltini trite is formed.

(a) NajCo(KO»)4 + SKCI K,Co(NOt)4 + 3NaCI

(b) Na,Co(NOi)4 + 2KCI K*NaCo{NO,)« + 2NaCI

M. Cunningbam and F. M. Perkin, J. Cbem. So<. (London), $6:2 1563 (1909) 67

Na,Co(NO,).
TltCO, in-822

Scarlet thallium cobalti nitrite is precipitated by mixing solutions of

sodium cobaltioitrite and thallium carbonate.

2Na,Co(NO,)4 + 3TI,CO, -* 2TI^o(NOi)# + (SNajCO,)

67M. Cunningham and F. M. Perkin, J. Chem. Soc. (London), $5:2 1569 (1909)
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COLUMBIUM

Cb

UI-823
Columbium is heated and chJorine is passed over it. The penta-
chloride is formed quantitatively.

2Cb + 5CI, 2CbClj

W. V. Bolton, Z. El^ktrochem., 1$, 149 (1907) m

Cb
UI-B24

Filings of the metal are heated in an atmosphere of ammonia and air,

and the nitride U formed, (a), which» when brought into contact with
alkali or water hydrolyses rapidly (b).

(a) (12Cb + 20NH| + 160, -* 4Cb,N, + 30H,0)

(b) Cb,Ni + 16KOH 5NH, + 3K,CbO,

W. V. Bolton. Z. Eleklrochem., 11, 148 (1907) se

Cb
S IU-826

Columbium and sulfur are heated together in a crucible, covered with
KCl; soon a strongly exothermic reaction starts, whereby the whole
mass becomes glowing and the sulfide is formed.

2Cb + 5S-Cb,S,

W, V, Bolton. Z. Elektrochem., 13, 149 (1907) $$

Cb
Se m-826

Columbium and selenium are heated together in a crucible, covered

with KCl. Soon a strongly exothermic reaction starts, whereby the

whole mass becomes glowing and the selenide is formed.

2Cb + 6Se Cb,8e,

86W. V. Bolton, Z. Elektrochem., 13, 149 (1907}
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CbAl,

HCi III•827

Columbiuzu aluminide dissolves upon long boiling with concentrated

hydrochloric acid.

(CbAl, + UHCI CbCU + 3AICU + 7H,)

Mftrtgnac, Compt. read., 66, 182 (1868) £9

CbAIi
HF 1II-828

Columbium alumioide is attacked by hydrofluoric acid.

(CbAli + 14HF — CbF* + 3A1F| + 7H|)

M&rigQac, Compt. rand., 66, 182 (1868) £9

CbAU
Ot III-829

Columbium aluminide oxidises rather incompletely upon roasting.

(2CbAI, + 70,^ Cb,0, + 3A1,0,)

Marignu, Compt. rand., 66, 182 (1868) £9

CbH
HF ni-830

Columbium hydride is attacked and dissolved by hydrofluoric acid.

[CbH + 5HF CbF, + 3H,1

M&hgnac, Compt. rend., 66, 181 (1868) gg

CbH
in-831

When columbium hydride is heated in contact with air, it is converted
promptly into columbium pentoxide.

2CbH + 30, Cb,0, + H,0
Marignac, Compt. rend., 66. 181 (1868) co
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C«H,N

HBr

10 Milliliters columbium oxybromide solution is heated with 10 ml,
82% hydrogen bromide solution for a short length of time then a
heated solution of 0.12 gm. of quinoline in 6 ml. 25% hydrogen
bromide solution is added. On cooling, orange red prisms are formed.
The same type reaction occurs with pyridine.

(i) CbOBri + C,H,N + HBr CbOBr, C^HtN HBr
(b) CbOBr, + C»HtN + HBr CbOBr> CiHtN HBr

R. F. Weinland and L. Ston. 2. aaorg. Chcm., M, 223 {1207)

CbOBr,

III-832

CsBr

RbBr

CbOBr,

III-833

To a heated solution of columbium oxybromide, a heated solution of
cesium bromide is added. On cooling, brick red octahedral crystals are
obtained. The same type reaction occurs with rubidium bromide.

(a) CbOBr, + 2C8Br CbOBrr (CsBr)t

(b) CbOBr, 4- 2RbBr CbOBn (RbBr)t

R. F, Weinisnd and L. 8ter*, Z. anorg. Chem., 64, 223 {1907)

HCl
CbOQi

m-834
A solution of columbium oxychloride is heated to boiling and a warm
solution of pyridine hydrochloride is added. On cooling, colorless

needles will be obtained. From an alcoholic solution (b) a similar

compound will be formed.

(a) CbOa, + C^HiN HCl CbOCl, CsH#N HCl
(b) CbOCl, + C^HtN Ha + ^ CbOa, CjHjN HCl H,0

R. F. Weintand and L. Ston, 2. aoorg. Chem., 64, 223 (1907) fd
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CbOCI,
HCl III-836

A solution of columbium oxychloride is heated to boiling and a warm
solution of quinoline hydrochloride in concentrated hydrochloric

acid is added. On cooling, colorless needles will be obtained. From,

an alcoholic solution (b) a similar compound will be formed.

(a) CbOClj + C^HrN • HCI CbOCU CiHtN HCl

(b) CbOCli + 2(C*H7N • HCI) CbOClr (C<H7N)»-2(HC1)

R. F. WeinUnd and L. Stors, Z. anorg. Chem., 223 <1907)

cboai
CsCl III-836

RbCI

To a solution of columbium oxychloride, which is strongly acidified

with hydrochloric acid, a concentrated solution of cesium chloride is

added. Octahedral crystals will result. The same type reaction

occurs with rubidium chloride.

(a) CbOCU + 2C8CI CbOCl, (CsG),

(b) CbOCl, + 2RbCl CbOCl,- (RbCl),

R, F. Weinlaod and L. Stott, Z. anorg. Chem., 64, 223 <1907)

CbOCU
m-837

By passing the vapor of columbium oxychloride over pure magne-
sium filaments in a glass tube, magnesium chloride and columbium
dioxide are formed.

2CbOCU + 3Mg 3iMgCU + CbO, + (Cb)

H. SaiJite-Clajre Deville and L. Troost, Compt. rend., 60, 1223 (1865) 29
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CbOF,
^ m-ws
When a aolution containing cc^umbium oxyfluoride is treated with
ammonium fluoride and evaporated, a mixed crystalline salt results.

(a) (3CbOF, + NH 4F (CbOF,)»-NH4F)

(b) (SCbOF, + 5NH«F + H,0 (CbOF,), (NH|F)^ H,0)

0. M&rignac, Ana., 4, 312 (1S64) to

HF
CbOF, 2KF

m-839

Dissolve CbOF]*2KF in concentrated hydrofluoric acid and cool the
solution. Crystals of a double salt separate out.

(CbOFi 2KF + 2HF -»CbF* 2KF + H,0)

0. MarifQ&c, Ana., 4 , sup. 306 (1864) to

CbOF, 2KF
KF m.$40

HF
Treat a solution of columbium potassium oxyfluoride with hydro*

fluoric acid, in which the potassium fluoride is in excess. Concen-
trate the solution, cool, and collect the crystals. These have the

composition as shown:

CbOF, 2KF + KF + HF CbOF,(KF), HF

C. Marignac, Ann., 4, sup. 802 (1864) tO

CbOF, 2KF
K>CO, ni-841

A solution of the double salt potassium columbium oxyfluoride is

heated with twice its weight of potassium carbonate. A precipitate is

formed.

6CbOF, 2KF + 10K,CO, + 5H,0
(CbiO>)rKtO 5HiO + 20KF+ lOCO,

C. Marignac, Ano., 4, sup. 295 (1864) tO
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CbOjOH
,,

in-842

Percoiumbic acid is obtaiDed by heating columbium hydroxide with a

30% solution of hydrogen peroxide.

CbOiOH + H*0, — HCbOi + HiO

P. Mclikog And L. Pinarjewtky, Z. anorg, Cham., 80, 340 (1899)

Ref., C. W. Baike and E. F. Smith, J. Am. Chem. 8oc.. 80. 1656 <1908) I

CbOjOH
NaOH III-W3

Sodium columbate is formed when columbium hydroxide is fused with

sodium hydroxide.

2CbO,OH + 2NaOH + 4H,0 Na,0 CbjO^ CHtO

C. w. Balke and E. F. Smith. J. Am. Chem. Soc.. 80. 1647 (1906) SS

CbtOi
H,0 in-844

The heat of formation of columbium tetroxide can be calculated from
the following equilibrium:

Cb,0. + H,0 ^Cb,Oa + H, + 18.2 cal.

P. SUe, J. ehim. pbya.. 86. 280 (1939) ed

c
CbjOs

II1-846

The reduction of columbium pentoxide by carbon takes place at 700-
800^0, after two reactions:

(a) CbjOi + C Cb,04 + CO
CbsOa + CO ^ Cb,04 + CO*

P. SUe, J. chim. phys., 38. 280 (1939)
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CbjOj

^ I1I-S46

Columbium oxychloride is the main product formed when vapors of
carbon tetrachloride are passed over cdumbium pentoxide heated in a
glass tube in an atmosphere of chlorine.

3CC1, + Cb^j 2CbOCI, + 3C0C1,

M. Dc LaPontaine &&d C. E. Uoebarger, J. Am. Chem, Soc., 18, 584 <1808) i

Cb,0.
cell ni-847

Columbium oxide is converted into the chloride when the vapors of
carbon tetrachloride are passed over it heated below redness.

2Cb,0* + 6CCU -dCbai + 6COi

C. DeMarcay, Compt. read., 104, 111 (1887)

Ref.» M. DaLafootaiae and C. E. Unebargar, J. Am. Cbem. Soo., 18, 632 (18M)

Chfit
CaF, HI.B48

Calcium duoride and columbic acid heated to light redness in a stream

of hydrogen chloride yields columbic oxyfluoride.

3CaF, + Cb,0* + 6HC1 2CbOFi + (3CaCl, + 3H,0)

H. Henninger* Ber. (I). 8, 191 (1876) tS

CbtOj
CbCli ni-849

Columbium oxide is placed in a platinum boat and the latter is put

in a tube (covered with foil), through which a current of dry COs
is passed. An oxychloride is formed by distilling columbium pen-

tachJoride over the columbium oxide, which has been heated red

hot.

CbjOs + 3Cba4 5CbOai
.

H. Saintc>Ciure Deville and L, Trooat, Compt. rend., 84, 294 (1887) S9
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CbiOs

CsOH III-860

HjF)

A double fluoride of cesium and coiumbium is formed when solutions

of cesium hydroxide io hydrofluoric acid and coiumbium oxide in

hydrofluoric acid are mixed.

ChiOi + 14CsOH + 12H|F, 2(7C8F CbFO + 19HjO

Mary E. Pennington, J. Am. Cfaem. Soc., 18
, 60 (1896) /

CbA
Hj III-861

Coiumbium pentoxide can be reduced to the metal by hydrogen under
pressure of 5 atm. and at a temperature of 2500^0.

Cb,0» + 5H,-^2Cb + 5H,0

H. V. Warlenberg, J. Brey, and R. Rciniclic. Z. Elektmchcm,, 29, 217 (1923) Stf

ChtOt
HjF, III-862

Coiumbium pentoxide is completely changed to fluoride at low red
heat by hydrogen fluoride.

CbA + 5H,Ft-^2CbFi + {6HA
W, K. Van Haagea and E- F. Smith, J. Am. Chem. Soc., 33, 1604 (1911) /

HsF*

KsFj

CbjOj

ni-853

Potassium coiumbium oxyfluoride is formed when coiumbium oxide is
treated with hydrofluoric acid and potassium fluoride.

(a) Cb*0, + 3H,F, 2CbOF, + 3H,0
(•>) CbOF, + K,F, KjCbOF,
R- D. Hall, J. Am. Chem. Soc., 26, 1237 (1904)
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Cb,0»
KOH IU'664

When columbium pentoxide (or the hydrated oxide) is fused with

potassium hydroxide, potassium columbate is formed.

(a) Cb,0» + 2KOH (2KCbO» + H^)
(b) (2Cb(OH), + 2KOH + 0, 2KCbO, + 4HtO)

A. AtUrberg, K. Sven. Vet. Ak. Htndl. Overs., SS» Ko. 7, 24 (1875) jo

CbtO*

EOH 1II-866

H»0,

Fuse columbium pentoxide with potassium hydroxide. Dissolve in

very little water, add hydrogen peroxide and alcohol, a white colored

precipitate of potas^um percolumbate is obtained.

CbtOs + 4K0H + 4H,0, K4Cb,0ii 3H,0 + 3H,0

P, Melikoff snd L. Piaarjevski, Z. anorf. Chem., 20, 340 (1899) iS

CbtOs
iium

Potassium columbate is obtained by fusing columbic oxide with

potassium carbonate and allowing the melt to crystallise from a

water solution.

3Cb,0» + 4K,CO, + 16H,0 (K,0)r(Cbi0»)t 16H,0 + 4CO,

C. Marignac, J. f. prakt. Chcm., 97, 449 (186$)

Ref., C. W. Balke and E. F. Smilb, Am. Chem. 8oc., 80, 1648 (1008) I

KtCOa

CbtO»
m-867

Columbic acid is fused with 2 to 3 times its weight of potassium

carbonate, dissolved in water and concentrated. Crystals of the

potassium salt separate.

3CbA + 4K,C0, (CbtO0» 4K,0 + 4C0,

C. Marigoac, Ann.. 8, sup. 295 (1864)
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Cb,Os

KtCOj 111-366

HiCiOi

10 Grams of columbium oxide are fused together with 15 grams of

potassium carbonatef dissolved in water, then a solution of 26 grams
of oxalic acid are added. Evaporate to a volume of about 200 cc.

By cooling, crystals of columbium potassium oxalate are obtained.

The same type reaction occurs with sodium carbonate and rubidium
carbonate.

(a) Cbfii 3K,CO, + 6H,C,0^

Cb>Ot (KtOh 6(CtO>) 4HiO ^ 3COt ^ 2H,0

(b) CbiOi + 3Na,CO, + 6H,C,Oi
Cb,0^ (NatO), dC,Oi 6H>Q 3COi

(c) Cb,0* + 3Rb»C0i + CHiCtO^
-> CbiOt RbtO, eCtO, 4H>0 + 2HtO H- 3COi

F, Ruw, Z. Anorg. Chem., 81, 42 (1902) gg

Cb,0*
KtCO,

jjj.g59

NH,HC!04

Columbium oxide is fused together with potassium carbonate. The
resulting potassium columbate is decomposed with fV-hydrochloric
acid, yielding hydrated columbium oxide. This will react with a solu-
tion of ammonium hydrogen oxalate yielding crystals of ammo-
nium columbium oxalate.

(a) CbjOs + K,CO, -> 2KCbO, -f- CO,
(b) 2KCbO, -I- 2HC1 Cb,0, H,0 -I- 2KCI
(c) Cb,0.-H,0 -I- 6NH4HC,04

-^ CbiOt 3(NH0,O 6C,0, 3H,0 + H,0
F. Russ, Z. aaorg. Chem., 81, 42 (1902) ^8
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CbsOi
NaOH in-860

Sodium columbate is formed when columbic oxide is fused with sodium
hydroxide in a silver crucible.

Cb,Oi + 2KaOH + 5H,0 ^ Na,0 Cb,0» 6H,0

C. W. Balke and E. F. Smith, J. Am. Cbem. 8oe., 90, 1647 (1008) /

CbiOa
pcu m-sei

Columbium oxycbloiide la formed when columbic oxide is heated

in a sealed tube at 180^-200^ for seven hours with phosphorus
pentachloride and then the tube opened to allow air to enter and
beat again applied.

(a) CbtOa + 5Pai 2CbCU + 5POCIi

(b) CbCI* + 0 CbOCl, + Clt

Mary E. Pennington, J. Am. Cbem. See., 18, 62 (1896) I

CbtOt

RbF m-662

A double fluoride of columbium and rubidium is formed when

columbic oxide is dissolved In hydrofluoric acid and the calculated

amount of rubidium fluoride is added.

CbtO» + 5HtFi + 4RbF 2{RbF)*CbFa + 5HtO

Mary E. Peoniagton, J. Am. Soc., 16, $8 (1896) i

CbiO*

StCL iH'Sea

Columbium chloride is formed when columbium oxide is ignited in the

vapors of sulfur monoebJoride and the product distilled in an atmos-

pbere of chlorine.

2Cb*Oi + lOStCl,^ 4CbCh + 5SO» + 15S

E. F. Smith and R. Hall, J. Am. Cbem. Soc.. 26. 1235 (1904)

Ref.. C. W. Balke and E. F. Smith, ibid., 80, 1640 (1908) /
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Cb»0*H,0
H,0, 111-864

By heating the hydrate of coluxnbium pentoxide with a solution of

hydrogen peroxide a yellow colored solution of percolumbic acid is

obtained.

Cb,0> HtO + 2H,0, 2HCbO, + 2H,0

P. MelikofT and L. Pissarjewski^ 2. anorg. Chem., 20, Z40 (1890) £8

Fe(CbO,),
H«F, 111-866

Powdered columbite is completely decomposed when exposed to
action of hydrogen fluoride gas.

Fe{CbOj)i + HiF, CblO^ + (PeF, + HiO)

W. K. Van Haagen and E. F, Smith, J. Am. Chtm. 8oc., SS, 1505 (1911) /

KHSO4
Fe(CbO,>,

riI-866

Finely powdered columbite is converted into columbium tetroxide
when fused with at least nine times its weight of potassium add
sulfate for five hours.

4Fe(CbO,)i + 12KHS04

-* 4Cb,0, + 6K,S04 + 2Fe,(S04)a + OHjO + Ot
Mary E. Pennington, J. Am. Chem. Soc., 18, 40 (1896)

HF
HCbO,

Columbic acid hydrate dissolved in hydrofluoric acid
and cooled gives crystals of columbium penta fluoride.

III-867

concentrated

2HCbO, + lOHF-^ (CbF0,.5H,O + H,0
C. Marignac, Ann., 4, aup. 296 (1S64)
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KF
HCbO*

ni-d68

Dissolve columbic acid in hydrofluoric acid aod add a email quantity
of potassium fluoride. Concentrate the solution and remove the
first crop of crystals. Recoocentrate the mother liquor, cool and
remove the second crop of crystals. These correspond to the
formula shown below.

(3HCbO, + 9HF + 5KF (CbOF,),(KF), H,0 + 6H,0)

C. M&rjgoae, Ann., 4, sup. 304 (1S64) eo

HCbO,
NH4F m-m

Solution of columbic acid in hydrogen fluoride treated with ammo-
nium fluoride, concentrated and cooled gives crystals of a double salt.

(HCbO, + 3HF + 2NH4F CbOF, 2NH4F + 2H,0>

C. MahgDSC, Ann., 4, sup. 308 <1864) $0

KCbO,
CUSO 4 m.870

A solution of potassium columbate will react with a solution of

copper sulfate yielding a precipitate. This precipitatefused with boric

acid yields black crystals.

2KCbO, + CuS04 -> CuO Cb<0> + KiSO*

A. LarasoD, Z. anorg. Ch«n., 18, 189 <1896) S8

KCbO,
MgClt m-S71

Solutions of potassium columbate and m^nesium chloride are mixed,

the precipitate fused with anhydrous m^nesium chloride, extracted

with water, treated with hydrochloric acid, and evaporated. There

results small tablets and long prisms, perhaps basic magnesium

columbate, probably normal magnesium columbate.

(a) (2KCbO, + MgCli^ MgO CbiOi + 2KC1)

(b) (Mga, + H,0 MgO + 2HC1)

(c) (3MgO + Mg(CbO,),) (MgO),'Mg(CbO,)i

(d) (MgO),.Mg(CbO,), + 6HCW(Mg(CbO,),+ 3MgCU + 3HjO)

A. Larasoo, K. Sven. Vet. Ak. Handl. 6vera., 52, No. 9, 706 (1896) 10
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KCbO,
MgCU ni-872

To a solution of potassium columbate is added a solution of magnesium
chloride. The resulting precipitate is fused with magnesium chlo-
ride yielding a white precipitate. The same type reaction occurs with
calcium chloride.

(a) 3KCbO, + 4MgCl* (MgO)4 CbtO^ H- (CbCl* + 3KCI)

(b) 3KCbO* -i- 3CaClt (CaO), Cb»Q> + (CbOCl, + 3KC1)

A. Laruon» Z. anorg. Cbem., 1%, 189 (I8d6) gs

KCbO,
ZnCU 111-873

A solution of potassium columbate will react with a solution of sine
chloride. The resulting precipitate is fused with boric acid yielding
brown colored crystals of sine columbate. The same type reaction
occurs with cadmium nitrate and cobalt nitrate.

(a) 2KCbOi + ZnClt ZnO CbiOt + 2KC)
(b) 2KCbOj + Cd(NO,)i CdO CbtOt + 2KNO,
(c) 2KCb0i + Co(NOt)» CoO CbtO» 2KN0i
A. Larawn, Z. anorg. Chem 189 (1896) go

KiSO
KCbOi

nT-874
Free percolumbic acid is obtained as a yellow amorphous powder when
dilute sulfuric acid is added to potassium percolumbate and the clear
yellow solution evaporated to dryness.

2KCb04 -f- HjSO^ 2HCb04 + K 1SO4

C. W. Balkc and E. F. Smith, J. Am. Chem. 80c., 80. 1656 (1908) /

A1
KjCbFr

Reduction of potassium fluocolumbate by aluminum in a graphite
crucible givesanduminumcolumbide, which isobtainedasaresidueon
treating with HCI the residue of aluminum in which it is disseminated.

{2KiCbF7-|- 6A1 2CbAi, H- 4KF H- 5Ft)
C. Marignac. Compt. rend., 66. I8i (1868)

II1-676
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K,CbF,

ni-876
Potassium fluocolumbate is reduced without difficulty by sodium in
an iron crucible; sodium columbide is formed and is dispersed in the
melted mass in the form of a black powder.

(2K,CbFi + 2Na 2NaCb + 4KF + 5Ft)

C. Marignac, Compt. rend., 86, 180 (1868)
R«r, KruM and Nilaon., Ber. 80, 1691 (1887)

KiCbOFi
* ni
Crystals of potassium fiuojcy percolumbate are formed when potas-
sium columbium fluoride reacts with hydrogen peroxide.

K,CbOF* + HtO, K,CbO,F> HtO

A. ^ccini, Z. anorg. Cbem., 8, 21 (1892)

K,CO,
K|Cb|0)»

in-878

When potassium columbate mixed with a small excess of potassium
carbonate is heated to 1200® In a graphite crucible, one obtains a melt
in the midst of which black cubes separate. The material which
envelopes them can be separated by treatment with HF. Chlorine
attacks the crystals and gives a small residue of columbium pen-
toxide and a mixture of columbium chloride and oxychloride. It is

necessary to surround the crucible with a mixture of rutile and
carbon. When this is not done, the graphite crucible reduces the
KiCO} and the columbium pentoxide, and one obtains a nitride car-

bide of columbium.

(a) K|CbiOi» + 2K,CO, ^3CbA + (6K,0 + 3CO + 11(0))

(b) 3Cb,0, + 6CI,^ CbOCI, + 3CbCl, -h CbiOs

H. St. Cliirc Deville., Compt. rend., 66, 183 (1868) $&
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(MgO),-Mg(CbO,),
ni-a79

Precipitated magneaiuro columbate is fused with boric acid and the

melt extracted with water. The solution yields small, short, pris*

matic crystals, probably normal magnesium columbate. Similar meth-
ods yield corresponding salts of Ca, Zn, Cu, Cd, Co, Y, Mn, Th, and
2r.

((Mg0)3- Mg{Cb03), + 2H,BO,
— Mg(Cb03)t + Mgj(BOi)j + SHjO)

A. Laraaon, K, Sven. Vet. Ak. Handl. Ovcra., 62, No. 9
,
707-715 (1695) 10

NaCb
HiO ni-880

Sodium columbide is decomposed by water with a feeble evolution of
hydrogen and the formation of columbium hydride which is contami-
nated with some oxygen compounds of columbium.

[3NaCb H- 8H,0 ^ CbH -f 3NaOH + CbiOi + 6H|]

C. Marignac, Compt. rend., 66, 181 (1668)
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Cu
AgNOj III-881

Silver is precipitated by action of copper metal on silver nitrate
solution.

Cu + 2AgN0,^^ + Cu(NO,),

H. V. A. Briscoe and H. F. V. I4ttle» J. Chem. 8oc. (London)^ lOS, 1318 (1914) B7

Cu
AgsSOi in-S82

Copper is separated from other metals in slimes by action of steam
and silver sulfate solution.

Cu + Agt$04 CuSOi + 2Ag

C. Whitebesd, J. Am. Chem. 8oe., I7» 851 (1805) /

Cu
Br m-883

NHiBr

To finely divided copper, in double the weight of water in a stoppered

bottle, add slowly, under cooling, a slight excess of bromine. Now
w*arm in an open dish to expel this excess and add to the resultingsolu-

tion of cupric bromide as much ammonium bromide as theoretically

necessary. Filter the dark wine red solution and let slowly crystallise.

Green crystals are obtained.

(a) Cu + 2Br^ CuBrt

(b) CuBri + 2NH4Br + 2H»0 CuBrt 2NH4Br-2H,0

If. L. de Koninck, Z. angew. Chen., 1, 507 (1888) $4

Cu
CHCU in-884

Chloroform reacts with metals in the presence of moisture.

4CHClt + 2Cu^ CtCIt + 2CHtClt + Cu,CI,

C< Baskcrviile aod W. A. Hamor, J. Iiid. Eog. Cfacm., 4, 389 (1912) 88

276
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CSs
XII-686

COi

A mixture of carbon dioxide and disulBde vapor passed over copper at

hi^b red heat yields carbon monoxide.

CS, + CO, + 4Cu^ 2CO + 2Cu,S

A. Eiloart, Cbem. News, 1S4 (1885)

Ref., A. A. B., J- Am. Chem. So«.. T, 286 (1885)

C.H,

Cu
ni-8B6

Copper reacts with acetylene to form a copper acetylide which reacts

with more acetylene to form cuprene.

(a) nC,Ht + dCu oC,Cu + nH,

(b) nCtCu + 6nC,H, ^ (CtHi),n + nCu

P. Sabatier aad J. B. Seadereoa» C^mpt. rend.* 130, 250 <1900)

Ref., J. M. Calhoun, Can. J. Rea., 16B, 221 (1037) ^4

Cu
Cl, III-887

In testing oils or fats for the presence of chlorinated compds., or halo-

gens in general, a small copper spiral, free from halogens, is dipped

in the oil to be tested, ignited and the oil allowed to burn off outside

the flame. Upon placing the wire in a non-luminous flame, a green

flash indicates the presence of a halogen.

Cu + 2C1 CuCl,

F. BeUsteia, B«r., 3, 620 (1872)

Raf., W. L. Ruigb, Anal. Ed., 11, 250 (1939)

Raf., M. F. Lauro, Oil and Soap, 13, 2, 45 (1936) Ili

Cu
CuCl, II1-888

Precipitated copper reacts with excess cupric chloride solution to form
cuprous chloride.

Cu + CuCI, ^ 2CuCl

John P. Riott, Anal. Ed., 13, 546 (1941) 44
R«f., G. D. Bengougb and R. May, Can. Cbem. A Met., 8, 267 (1924) /5
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CuCU

Cl

in-&99

Action of copper in the presence of oxygen on cupric chloride pro-
duces cupric oxychloride.

4Cu + 4CuCI» + lOHiO + 20,^ 2Cu4(OH)eCl, H,0 + (4HC1)

G. D. Bengougb and R. May, Can. Chem. A Met., 8, 267 (1224)

Cu(OH), m-090

Cominuted copper, in tailings, is oxidised by cupric hydroxide to

cuprous oxide, which is soluble in ammonia, when a small amount of

ammonium nitrate, or any ammonium salt is added to the solution.

(Cu + Cu(OH), (Cu,0 + H,0)

E. A. LeSeur, U.S.P. 756302 (1829)

Ref., L. E. Waatnan, Can. Cbem. A Met., 8, 29 (1222) 1$

FeCl: ni-991

Metallic copper is attacked by a solution of ferric chloride according

to (a). Reaction (b) takes place in solution:

(a) Cu + FeCU -* CuCl + Fea,

(b) CuCl + FeCli -* CuCl, + FeCl,

E. Bekier and S. TrKciak, J. Chim. pbya., 83, 242 (1226)

m-892

Copper dissolves in fused ferrous sulfide forming cuprous sulfide and

iron. Copper behaves similarly with nickel sulfide.

(a) 2Cu + FeS —» Cu,S 4- Fe

(b) 2Cu + NiS CufS + Ni

J. H- L. Vogt, Vid. 8el- Ch. Skrifter., 1, 28 (1918) iO
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111-893

Fe,C]«

Copper was dissolved jq ferric chloride solution, forming cupno

chloride; ammonium chloride had to be used to dissolve the copper.

Cu + 2FeCI» (CuClt -h 2FeCli)

T. J- Bftk«r, Triuis. Roy* Soc. (I^^ndon), 196, 53S (1901)

Fe,(SOi),

Ferric sulfate solution dissolves copper to form copper sulfate and

ferrous sulfate.

Cu + Fe,(SO0i CuS04 + 2FeS04

N. 6. Keith, TrsDJ. Am. El Chem. 8oc., 1, 137 (1902)

m-894

H,SOi

Pure concentrated sulfuric acid free from arsenic reacts vnih electroly-

tic copper at 55^C if held in contact for six hours. The residue con-

tains 8.6% S and 69.7% Cu with oxygen and hydrogen constituting

the remainder.

Cu + 2H^04 CUSO 4 -I- SO, + 2H,0

F. de Chaves, Analee Soc. Eepan. fa. quim., 29, 177 (1931)

iri-896

ni-896

Metallic copper dissolves slowly in liquid hydriodic acid in a closed

tube yielding cuprous iodide.

2Cu + 2H1 ^ 2Cul + (H,)

R. S. Norris and F. G. Cottrell, Am. Chem. J., 16, 99 (1896)
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Cu
HNO m-897

Copper reacts with tutiio acid in coDcentrated copper nitrate solution
to form very pure nitrogen.

3Cu + 8HNO, N, + (3Cu(NO,), + 0, + 4H,0)

R. Crest], Ber., 8, [1], 831 (137$)

HH0» ni-B9d

Copper nitrate can be prepared by treating metallic copper with dilute

nitric acid.

3Cu + SHNOi ^ 3Cu(N0s)s + 4Hi0 + 2NO

E. H. Reaiue, A. J. Higgin and W. T. Cooke, J. Chem. Soc. (Loodoa), 38, 1138

(1903) m
Ref., R. GentI, Ber., 8, (1), 831 (1876) hq

HNOi 111-899

Copper is oxidized by nitric acid. Cupric oxide is produced at high

temperature.

3Cu + 2HN0i ^ 3Cu0 + H,0 + 2NO

Oeachfloer and Cooinck, Rev. gen. cbim., 18, 132 (1913)

Ref.. T. E. Thorpe. J. Chen. Soc. (London). 106, 2573 (1914)

HNOi m-900

H:

In order to prepare pure copper, copper was dissolved in nitric acid;

the nitrate was heated to form the oxide and the oxide was reduced by

hydrogen.

(a) 3Cu + 8HNO, 3Cu(NO,), H- (2NO + 4H,0)

(b) 2Cu(NOi)i^ 2CuO -|- (4NO, -I- 0,)

(c) CuO 4- Ht Cu -h (HjO)

T. J. Baker, Trans, Roy. Soc. (Loodoo)i 198, $33 (1901) lOS
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HNOi

Cu
III-901

KsCOi

Electrolytic copper w« dissolved io oitric acid and precipitated by a

solution of potassium carbonate. Distilled water and highly purified

potassium carbonate were used.

(a) Cu + 4HN0, Cu(NO,), + 2NOt + (2H,0)

(b) Cu(NO,), + K,CO,^ + 2KNO, + CO,

C. R. Wright and A. P. Luff, J. Chem. Soc, (London), $S, S (U78)

Cu
HNO, in-902

Zn(CtHaO,)t

KI

Free iodine is liberated when the copper nitrate solution formed by

dissolving copper in strong nitric acid is treated with a saturated

solution of zinc acetate and then potassium iodide. The resulting

solution is then titrated with sodium thiosulfate.

(a) Cu + 4HNO, Cu(NO,), + 2H,0 + 2NO,

(b) Cu{NO,), + Zn(C,HaO,),— Cu(C,HiO,), + Zn(NOi)a

(c) 2Cu(C,H,0,), + 4KI 2CuI + 4KCtH,0, + 21

A. H. Low, Am. Cbem. 8o«., 1$, 458 (1896) J

Cu
HaSO* m-903

There are two simultaneous primary reactions between copper and
strong sulfuric acid (Sp. G. 1.843) (a), (b), and two secondary

reactions, (c), (d). Some action occurs at 19^0 or lower. No
sulfide appears at 270^ and above.

(a) Cu + 2H,S04 CuSOi + SO, + 2H,0
(b) 5Cu + 4H,S0i Cu^ + 3CuS04 + 4H,0

(c) CutS + 2H,S0i CuS + CuS04 + SO, + 2H,0
(d) CuS + 2H,S04 S .+ CUSO4 + SO, + 2H,0

8. Pickering, J. C^bem. Soc. (London), 33, 112 (1878) 9l
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Cu
HsSO^ m-904

Sulfur dioxide is formed when copper reacts with concentrated sulfuric

acid at 270“C.

Cu + 2H,S04^ CUSO4 + SOt + 2HjO

C. BaekerviUe, J. Am. Cbem. 80c., 17» 906 (1895) j

Ref., C. W. Rogers, J. Cbem. 80c. (Loodon), 268 (1926) ss

Cu
H1SO4 m-906

Black cuprous sulfide forms when copper reacts with concentrated

sulfuric acid at temperatures between 0^-270^C.

6Cu + 4H1SO4 C^ + 3CuS04 + 4HtO

0. B. J. Eraser, D. E. Ackenosa sad J. W. Ssads, lod. Eog. Cbem., 19, 334 (1927) S3

Cu
H,S04 in-906

0,

An aerated sulfuric acid solution of low concentration reacts with

copper at room temperature to give copper sulfate and water.

2Cu + 2H*S04 + Oi 2CUSO4 + 2HiO

0. B. J. Eraser, D. E. Ackerman and J. W. Sands, lod. Eng. Cbem., 19, 3S3 (1927) SS

Cu
H8SO4 01-907

Reaction of metallic copper with hot concentrated sulfuric acid takes

place in several steps. Reaction (a) takes place especially at low

temperature. Equation (f) is the combined equation for the com-

pleted reaction.

(a) 8Cu H- 4KSO4 3CU1SO4 + + 4HiO

(b) 2Cu 2H,S04 ^ Cu,S04 + 2H»0 + SO,

(c) fiCu^O, + 4H,S04 ^ Cu,S -I- 8CUSO4 + 4H,0

(d) Cu,S + 2H,S04 C^ + CUSO4 + 2H,0 H- SO,

(e) CuS -h dH^Oi^ CUSO4 + 4S0, H- 4H,0

(f) Cu + 2fiS0i CuSOi + SO, + 2H,0

J. T. Cuadall, J. Cbem. Soc. (London), 106, 63 (1914) 67
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KiSOi

Cu
m-soB

Concentrated sulfuric acid is attacked by copper at ordinary tempera-

ture in the presence of air without reduction of the acid.

2Cu -I- O* + 2H,SO* 2CuS04 + 2H,0

L. Andrews, J. Am, Chem. Soe., 18, 252 (1896) f

Bef., J. F. Thompson and R. J. McKay, Ind. Eng. C?hem., IB. 1115 <1923) •

Cu
Hg(CK), in-909

Copper slowly precipitates mercury from a solution of mecuric cya-

nide in liquid amonia solution with the formation of a mixture of

cuprous and cupric cyanides.

3Cu + 2Hg(CN)t^ 2H| + 2CuCN -h Cu(CN)j

F. W. Bergslrom, J. Am. Chom. 8m., 48, 2326 (1926) l

Cu
Hg(CNO), m-910

A grayish colored precipitate la formed when 20 ml of plastic copper

amalgam is shaken for a long time under water in an atmosphere of

hydrogen with mercuric fulminate.

2Cu + Hg(CNO)t 2CuCNO -h Hg

Lotbax Wohler and F. Martin, Ber., 50, 586 (1917) tS

Cu
HgaSO^ ni-911

In lead standard cells containing copper sulfate there is a chemical
action between copper and Hg^O^

Cu H- Hg^O*^ CuSO^ + 2Hg

M. G. Mellon and W. E. Henderson, J. Am. Chem. Soc., 42, 687 (1920) 16
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in-912

By slightly hestiDg copper with iodine, the result will be cuprous
iodide and iodine.

2Cu + 21, 2CuI + I,

E. Oliveri Maodata, Gass. chim. ital.. 40, 107 (1910)

in-913

Metallic copper reacts with iodine in hydriodic acid solution to form
cuprous iodide.

2Cu + It^ 2CuI

Ed. Mausel, Ber., S, 123 (1870)

KCIO,

HtS04

When strips of copper are dipped into a solution of KCIO, containing

sulfuric acid, the metal dissolves slowly and potassium chloride (and

a little hypochlorite) is formed. The same reaction proceeds with

sine but more slowly.

(a) 3Cu + KCIO, + 3H,S04 OCuSOO + KCl + 3H,0

(b) 2Cu t KCIO, + 2H,S04 (2CuS04) + KCIO + 2H,0

A. L. Voege, J. Phyt. Chem., 3, 577 (1899) 7

in-916

When copper and magnesium are fused, two compounds are produced

:

CuMg,; m.p. 570^, polygonal crystals; and Cu,Mg, m.p. 797% rod-

shaped crystals.

(a) 2Cu + Mg CutMg

(b) Cu + 2Mg CuMg,

R. Sahmen, Z. aaorg. Cbem., 67, 1-33 (1908)

Ref., O. Senter, J. Chem. Soc. (loodon), 94:9, 186-187 (1908) 67
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Cu

NHjOH
Copper reacts with hydroxylamine and oxygen, and decomposes it

to nitrous Ckxide.

2NH,OH + 4Cu + 20*^ N,0 H- 2Cu*0 + 3H,0

B. Sulor, Z. Elektroobem, 7» p. 836 (1901)

III-916

8$

Cu
(NH 4)HS III-917

Copper wire treated with ammonium hydrosulfide gives cuprous

sulfide.

(NH*)H8 + 2Cu -* CuiS + NH* + H*

K. HeumAnn, ItS* 29 (1874)

He/., E. Priwosnik, ibid., m, 110 (1874) 80

Cu
NH 4HS 111-918

Ammonium blsul^de reacts with metallic copper to form cuprous

BulRde, hydrogen, and ammonium suldde.

2NH 4IIS H- 2Cu CutS + (NH 4),S H- H,

£. Priwoznik, Bar., 6. 1292 (1878) //

Cu
NH4NO, 111-919

19*0

HI90*

A fairly complicated reaction probably not understood occurs when
nitrous oxide reacts with copper. Ackworth reports nitrogen and
nitric oxide as products.

NH4NO, H- 4HN0* H- N,0 + Cu
(OO -h (4H,0) + Nt H- 4N0 + (Cu(NOj)O

R. Geretl, Bar,, 8 (IJ, 831 (1875) gg
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Cu
(NH4)jC03 III-920

NHa

Cupric ammonium carbonate solution was prepared by agitating,

‘A'itb air, a solution of 16% ammonium carbonate and 6% ammonium
hydroxide (by weight) » in a tower BUed with copper turnings until the
copper content was about 3.5%.

Cu + {NH4)*C04 + 2NH, + iO, Cu{NH,)4CO, + H,0

• W. R. Hainjworth and E. V. Titus, Am. Chem. Soc., 42, 2 (1921)

Cu
(NH4)tS 111-921

Concentrated ammonium sulfide reacts with metallic copper to

form cuprous sulfide, hydrogen and ammonia.

(NHOtS + 2Cu Cu,S + 2NH, + Ht

E. Priwoznik, B«r., $. 1292 (1873)

Cu
(NH4)tSx m-922

Granulated copper or copper wire immersed in a solution of yellow

ammonium sulfide causes evolution of hydrogen and a series of com*

pounds are formed. A compound which analyses Cut(NH4)tSi is

present in the liquid and may be separated by crystallization.

(a) Cu + (NH4)*S.-^ CuS + 2NH, + H, + Sx

(b) CuS + Cu Cu^

K. Heumann, Ann., 173, 21 (1874) iO

Cu
NOj II1-923

A compound, stable in dry air, is produced when powdered copper

reacts with nitrogen peroxide at 25^.

2Cu + 2NOt 2CuNOt

P. Sabatier and J. B. Seoderens, Ann. chim. phya. (7), 399 (1896}

Ref., Tartar and Semon, J. Am. Chem. Soc., 43, 494 (1921) i
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KaCI

Cu
III-924

Id the electrolysis of sodium chloride solution with copper electrodes,

cuprous chloride is formed at the ancnie and dilute sodium hydroxide

at the cathode.

2Cu + 2NaCl + 2H,0 Cu,CU + 2NaOH + Hj

W. D. Bancroft, Triint. Am- Q. Chero. Soc., 8, 47 (1905)

Cu
NttjSO. in-926

e

In the electrolysis of a sodium sulfate solution with copper electrodes,

copper sulfate is formed at the anode and caustic soda at the cathode.

Cu + Na,S0, + 2H,0 CuSOi + 2NaOH + H,

W. D. Bancroft, Trans. Am. £1. Cbcm. 8oc., 8, 48 (1905) 8

Cu
Cl- III-926

Oi
Copper metal, when immersed in chloride solution, becomes coated

with almost Insoluble cuprous chloride. This In turn may become
oxidized according to the reaction.

(a) Cu + a- CuCl

(b) 4CuCJ + 40, Cu,0 + 2CuCI,

E. E. Thum, Chem. ^ Met. Eng., 88, 301 (1922) 44

Cu
O, IH-927

Copper is transformed into cupric oxide by passing a current of oxygen
over the red hot metal.

(2Cu + 0, 2CuO)

W. CHark, Chem. N^ewe., 8. $1 (1883) 10j
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m-92d

In order to prepare nitrogen
»
air was paaeed over hot copper.

2Cu + 0* (2CuO)

R. J. StniU, Trim*. Roy. Soe. (London), 193, 365 (1900)

ni-929
Copper tuminge or powder react with a solution of sulphur in carbon
di&ulhde to form copper sulhde.

Cu + S -* CuS
H. H. Champion and H. Pellet,

Ref,, A. Henninger, Ber. (II), $, 1470 (1875) ge

S in-930

Copper and sulfur when melted together form cuprous sulfide.

2Cu + S Cu,S

Karl Heumann. Ber., 3 . 749 (1873) n

sOi in-9di

At 730^, sulfur dioxide reacts with copper forming cuprous sulfide

and cuprous oxide.

6Cu + SO}^ Cu^ + 2Cu$0

C. M. Stubbs* J. Cbem. Soc. (London). 103, 1445 (1913) 57

SjOr ni-932

Dilute ammonium persulfate solutions D.l% in water) cause corro-

sion of various metals at room temperature. Sulfates are formed and

the metals behave as they do when used as anodes in the electrol3^i8 of

sulfates. Copper, nickel, cadmium, aluminum and iron are corroded.

Iron dissolves partly as ferrous and partly as ferric ions. Aluminum,

it is to be noted, is only slightly attacked.

Cu -h S,Or ^ Cu++ + 2S07

J. W. Turrentine, J. Phys. Chcm.* 11, 623 (1907) 7
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Cu

SeCli
III-933

HeAtJDg selenium tetracbioride with freshly reduced copper gauze to

105^ for several hours in the absence of air produces copper selenide

(b). Excess chloride yields metallic selenium (c).

(a) 3Cu + 2SeCl4 ^ SCuCIi + SetClj

(b) 5Cu + SeiCU^ 2Cu,Se + CuCJj

(c) 2CuiSe + 4Se»CI,^ 4CuCl, + lOSe

W. W. Taylor, £. B. R. Prideaux, aad H. G. Pool, J. Am. Chcm. Soc., 46. 2130

(102$)

Cu
SiCJi UI-934

Silicon tetrachloride passed over copper at 1200^0, transforms the

copper into CuiSi and the cuprous chloride volatilises.

SiCl, + 8Cu Cu^Si + 2Cu,Clf

E. Vigouroux, Pro<4s>verbaux des sSuices de La So«i4t4 des Sclencas i’hyalqucs ct
Katurellea de Bordeaux (18 July 1901)

Ref., P. Lebeau, Bull. soe. chim. (Prance), 1, 110 (1907) SJ

Cu
Sn III-935

The phase rule system copper-tin was studied. The phases present
were monocupro stannide, tricupro stannide, and tetracupro stannide.

(a) Cu + Sn CuSn
(b) 3Cu + Sn^ Cu^n
(c) 4Cu + Sn Cu^n
C. T. Heycock and T. H. Neville, Trans. Roy. Soc- (London), 202, 9 (1904) Wg
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Cu
m-936

Only one compound, namely, CuiSn, is formed when liquid copper-
tin alJoys are cooled. Five series of solid solutions, however, are
observed in these systems. The previously claimed CU 4S11 b not a
compound but a solid solution.

(a) 3Cu + Sn — CuaSn

(b) 4Cu + Sn ^ Cu^n

E. S. Shepherd and E. Bbugb, J. Phys. Cbem., 10. $30 (190$)
. 7

UI-937

Cuprous telluride is formed when copper and tellurium unite.

2Cu 4* Te —.CutTe

Magottet, These de Paris (1870)

Ref., 0. A. Tibbab, J. Am. Chem. 8oe., 81, 909 (1909)

in-9d8

Cooling liquid solutions of metallic copper and sine leads to several

series of solid solutions but not to compounds.

This corrects information found in the literature.

Cu + 2Zn ^ CuZd)

E. 8. Shepherd, J. Pbya. Cbem., 8. 421 (1904) 7

Air (0) m-939

Thin strips of electrolytic copper were roasted for many days at bright

heat in a porcelain tube through which air was aspirated. The oxide

was crushed, particles of metal picked out and the process repeated

in air and then in oxygen for several hours giving a product analysing

194 parts cupric and 3 parts cuprous oxide.

(a) 2Cu + O, 2CuO

(b) 4Cu + Ot 2CuiO

C. R. Wright and A. P. Luff, J. Chem. See. (London), 88, 7 (1878) tS
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Cl'

Cu++
IU>940

CmCU

CbADges in color brought about id solutions of copper salts by changes

in concentration and temperature as well as by addition of certain

halogen salts are to be attributed to the formation of complex

anions, as shown below.

Cu-H* + 2CI- + xCuCl, Cu*^ + cit (CuClj)r

F. G. DoaiiAa and H. BsMett, J. Cb«m. 8o«. (Loadoa), SI, 939 (1902)

Ref., KoblsehQtUr, Ber., 37. U93 (1904)

Ref., Stewart B. Watkins and Henry G. Denben, J. Chem. 8oc. (London),

116:9, 1299 (1919) 4S

Cu++
CuBr, in-941

Br“
Migration number measurements indicate that in concentrated eolu-

tionSj copper bromide is forced into a complex anion; this form of

complex 18 an auto^omplex.

Cu++ + 2Br“ + xCuBr, C?u++ + BrrCCuBrj);

SUwart B. Watkins and Henry Q. Denham. J. Chom. Soo. (London). 116 :2, 127S
(1919) 46

Cu++
NaOH 111^942

Sodium hydroxide precipitates basic salts, corresponding closely to a
J ratio, from solutions of copper sulfate, nitrate and chloride. At low
or extremely high pH's the basic nature of these salts varies.

4CuS04 + 6NaOH + xHiO
CuS04(Cu(0H),)rxHj0 + SNa^SO^

A. /. Hopkini and R. A. Beebe, J. Phys. Chem., 34, 578 (1930) 86
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Cu++
* III-943

In a solution of a copper salt, the mechanism of the electrode process
may be represented by three equations: (a) cupric ion reduced to
cuprous ion; (b) cuprous ion reduced to metallic copper; (c) cupric ion
reduced to metallic copper.

(a) Cu**-*- + € -» Cu-»-

(b) Cu'*’ + « -» Cu
(c) Cu*^ + 2« Cu

Stewart B. Watkins and Henry G. Denham, J. Cbem. Soc. (London), i|(:3, 127S
(1919) 45

CuBr
CsHs III-944

KBr

By passing acetylene into a concentrated solution of cuprous bromide

in potassium bromide, a reddish precipitate is formed, which becomes

dark brown upon washing with a saturated solution of potassium

bromide.

(a) 2CuBr + C,H, + KBr (HCtCutBr KBr + HBr)

(b) HCtCuiBr KBr HCiCu,Br + KBr

Bertbotet, Compt. rend., $8, 457 (1866) S9

CuBr
CsHft S CH,COOH 111-946

HBr

Cuprous bromide dissolves in ethyltbioglycolic acid and yields on

evaporation colorless prisms or needles of anhydrous ethylthio*

glycolic acid cuprous bromide. If dilute hydrobromic acid is present

the mono-hydrated compound is formed as needle crystals.

(a) CuBr + 2C,H* S CH,COOH - (C,H* 8 • CHiCOOH), CuBr

(b) 2CuBr + C,H, S CHiCOOH + + HBr
^ CtHr S CHtCOOH (CuBr), H^O + HBr

L. Ramberg, Acta Univ. Luod. Med. Matem. Natur. Nova Ser., 4, 2, 11 (1908) 30
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CJTfrN

CuBr
III-946

Addition of LO g. copper bromide to an aqueous solution containing

20 cc pyridine precipitates the complex as a green-yellow crystalline

solid.

2CuBr + 4CJ1»N - (Cut(C4HtN)4)Br«

D. 0. MarouKiftn. J. Gea. Chcm. (USSR), 10. 018 (1940)

CuBr

NH, III-947

Dissolve 10 grams of cuprous bromide in a very small amount of

ammonia and 25 ml of acetic acid. If performed in a hydrogen

atmosphere, colorless crystals are obtained after 1-2 days.

2CuBr + 2NH, C^l^Brt 2NHj

T. W. Richards and B. S. Merigold, Z. anorg. Chcm., 17, 245 (1898) fS

CuBrCtHiO, 2NH,
NH, III-94S

Cupriammonium acetobromide absorbs three molecules of ammonia
when placed in a freesing mixture in a glass tube.

CuBrC,H,0, 2NH, + 3NH| CuBrC,H,0, 5NH,

Richards and Forsythe, Proc. Am. Acad., 32, 239

Ref., J. Acq. Cbem. Soc., 19, 194 (1897) I

CuBrCjHiO, 6NH,
(Air) m-949

The above compound loses ammonia on exposure to air passing over

into a green compound CuBrj bXH,.

2CuBrCjH,Oj «5NH,“^ CuBrf6NH, + Cu(CjH,0,),-4NH,

Richards and Foraythe, Proc. Am. Acad., 82, 239
Ref., C, B. Dudley, J. Am. Chcm. Soc., 19, 104 (1897) /
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CuBri
NH4SCI? m
NHa

Bring 10 grams of cupric bromide in contact with 15 ml concentrated
ammonia. Dissolve the precipitate of cupric ammoniate by adding a
small amount of acetic acid. Blue crystals will be formed when a
concentrated solution of ammonium thiocyanate is added.

CuBr, + 4NHa + 2NH4SCN Cu(SCN),-4(NHi) + 2NHaBr

T. W. Richards and B. S. Marigold, Z. anorg. Chem., 17, 245 (1608)

CuBf]

ni-961

When cupric bromide is heated, it decomposes to yield cuprous
bromide and free bromine.

2CuBrs 2CuBr + Brj

C. G. Jackson, J. Cbem. 8oe. (London), 99:1, 1066 (1911) jOs

CuBrs'NHcBr
NH4CNS 11I>952

NH4OH

Diammonium cupriammonium thiocyanate is prepared by dissolving

cupriammonium bromide in a little acetic acid and adding to this a

saturated solution of ammonium thiocyanate and allowing the precipi-

tate formed to dissolve in ammonium hydroxide.

CuBn NH,Br + 2NH4CNS + NH^OH
^ Cu(CNS), 4(NHi) + 3HBr + H,0

Richards and Merigold, Proc. Am. Acad., 93, ISNSS
Ref., J. Am. Chero. Soc., 20, 39 (1898) t
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Pb

Cu(CHO,),

f 1II-953

Copper formate gives a deep blue, poorly conductiDg solution in pyri-

dine. The dilute and slightly warmed solution quickly deposits

copper on metallic lead (a). The same type reaction occurs with

copper acetate (b).

(a) Cu(CHOi)i + Pb Cu + Pb(CHOi)j

(b) Cu(C,HA)t + Pb^ Cu + Pb(C,HA)t

J. L. Sammis, J. Pbya. Chem., 10, 503 (1900) 7

Cu{CHiCOO),

K^SO. in-9W

Na2S04

{mthsOi

CuSOi

When a hot solution of copper acetate reacts with potassium sulfate,

a blue-greenish precipitate of basic copper sulfate, insoluble in water

is obtained. The same type reaction occurs with sodium sulfate,

ammonium sulfate, and copper sulfate.

(a) 4Cu(CH,COO), + KSOi + 7HiO
CuS04 3CuO 4HtO + 2KC,HA + 6HC:HA

(b) 4Cu(CHiCOO)i + Na^O, + 7H,0
-^ CuS04 3CuO 4HtO + 2NaCiHiOi -f- SHCjHA

(c) 4Cu(CH,COO), + (NH4),S04 + 7H,0
-» CuS04 3CuO 4HtO + 2NH4C,H,0, + SHC^HaOj

(d) 3Cu{CH,COO)i + CUSO4 -h 7HtO
CuS04 3CuQ 4H>0 + 6HCjH^,

W. Casselmann, Z. seal. Cbem., 4, 24 (1865) £8

Cu(CHiCOO)rHjO
A m>965

Cupric acetate on heating, decomposes to cuprous acetate, water,
acetic acid, acetone, copper and other unidentified products.

(a) 2Cu{CH,C0(?)rH,0^ Cu,{CH,COO), + H*0
(b) Cu,{CH,COO),^ (CH,)tCO + Cu^ + COf
A. Aftgel and A. V. Harcourt, J. Chem. Soc. (London), $1, 1386 (1907) IS
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CuCN
Ba(CN)s

Sr(CN)8

Mg(CN),

ni-956

Cryatals of barium cuprous cyanide are formed when a solution of
barium cyanide is saturated with cuprous cyanide. The same type
reaction occurs with strontium cyanide and magnesium cyanide.

(a) 2CuCN + Ba(CN)t + 4H>0 BaCut(CN)4 4HtQ
(b) 2CuCN + 8r(CN)t + 8H,0 8rCu«(CN)4 SH^O

(c) 2CuCN + Mg(CN), + llHjO— MgCmfCN). 11H,0

H. Grossmann and P. v. d. Foret. Z. aoorg. Chem., 43. 94 (1906) M

CuCN
Ca(CN)j m-967

The reaction of cuprous cyanide with calcium cyanide will yield color-

less crystals of caicium cuprous cyanide.

CuCN + Ca(CN)t + 4HtO CaCu(CN)i 4HtO

B, Groasmano and P. y. d. Pont, Z. aoorg. Cham., 43. 94 (1906) t$

CuCN
CsCN III-96S

A solution of cuprous cyanide is treated with a solution of cesium cya^

nide. Crystals of cesium cuprous cyanide are formed.

2CuCN + 2C8CN + 3HtO (CsOu(CN)>)y 3H»0

H. Grosamann and P. v. d. Porat, Z. anorg. Chem., 43, 94 (1905) S8
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Cs^COi

HCN
CaO

A solution, containing cuprous cyanide, hydrocyanic acid and cesium

carbonate is concentrated. By leaving in a vacuum desiccator for

about 8 days, crystals of cesium cuprous cyanide are obtained. The
same type reaction occurs with calcium oxide.

(a) 3CuCN + 2HCN + CsiCOi C8^Cu,(CN)4 + COi + HtO

(b) 3CuCN + 2HCN + CaO^ CaCu,(CN)* + H*0

H. Gronmano and P. v. d. Forat, Z. anorg. Cbem., 43, 94 (1906) tH

CuCN
III-969

CuCN
SONS 111-960

NH^CNS

Cuprous cyanide is easily soluble in a very concentrated solution of

potassium thiocyanate or ammonium thiocyanate. On evaporating,
double salts are formed.

(a) 2CuCN + 3KCNS ^ (CuCN),-3KCNS
(b) 2CuCN + 3NH4CNS ^ (CuCN),*3NH4CNS

K. Grossmano, Z. anorg. Ohrm.. 37, 407 (1903) gg

CuCN
KjPe(CN)e J2J

FaJe(CN)4

By boiling cuprous cyanide with a solution of potassium ferricyanide
a precipitate of brown color is obtained. The same type reaction
occurs with sodium ferricyanide.

(a) CuCN + 2K,Fe(CN), K,CuFe(CN). + K,Fe(CN), + CN
(b) CuCN + 2NaJ'e(CN).-^ Na.CuFe(CN).+ NaiFeCCN), + CN
J. Messnei, 2. anorg. Chem., 9, 126 (1895)
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CuCN
Li«Fe(CN), 111-962

By boiling cuprouB cyanide with lithium ferrccyanide colorless crys-
tals are obtained. The reaction must be carried out in an atmos-
phere of hydrogen.

2CuCN + LiiPeCCN), -» Li«CutFe(CN)< H- 2LiCN

J. Mewaer, Z. adorg. Chem., 9, 126 (1895) go

CuCN
(NH04Fe(CN)* ID-963

Mg)F6(CN)t

By boiling cuprous cyanide with a soluUon of ammonium ferrccyanide

in a stream of hydrogen, colorless crystals of ammonium cuproferro-

cyanide are obtained. The same type reaction occurs with magne-
sium ferrocyanide.

(a) 2CuCN + (NH04Fe(CN)i (NH4)tCu»Fe{CN)< -h 2NH 4CN
(b) 2CuCN + Mg,Fe(CN), MgCutFe(CN)i + Mg(CN),

J. Msssoer, Z. aaorg. Chets., 6, 368 (1896) f8

CuCN
NaCN m-96i

Colorless crystals of sodium cuprous cyanide will ciystallise from a

concentrated solution of cuprous cyanide in sodium cyanide.

CuCN + 3NaCN + 3H»0^ NaiCu(CN)4*3H»0

H. OrosemaiLD sad P. v. d. Foret, Z. snorg. Chem., 43, 94 <19(K) £8
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CuCN
NaCN in-966

NHiCN

LiOH

By saturating a very concentrated solution of sodium cyanide with
cuprous cyanide colorless crystals of sodium cuprous cyanide are
obtained. The same type reaction occurs with ammonium cyanide
and lithium hydroxide.

(a) CuCN + NaCN 4- 2H,0 NaCu(CN)t>2HtO

(b) 2CuCN + NH4CN + HiO ^ NH4»Cut(CN)rH}Q

(c) CuCN + NH4CN ^ NH4Cu(CN)t

(d) 2CuCN + LiOH + HCN + 2H,0 LiCut(CN)i-3H,0

H. Oro$smRWJ and P. v. d. Fom, Z. anorg. Chcm., 43. 94 (1905) B3

CuCN
Na4Fe(CN)4

III.966

K4Fe(CN)4

By boiling cuprous cyanide with a solution of sodium ferrocyanide
colorless crystals of sodium cuproferro cyanide ere obtained. The
same type reaction occurs with potassium ferrocyanide.

(a) 2CuCN + K 4Fe(CN), KtCu>Fe(CN )4 + 2KCN
(b) 2CuCN + Na4Fe(CN )4^ NaiCuJe(CN)i + 2NsCN
4. lUuntT, Z. anorg. Chem., 8. 368 (1895) co

CuCN
Rb^COa

HCN
ni-9S7

A solution of 12% hydrocyanic acid containing cuprous cyanide and
rubidium carbonate is concentrated on the water bath. Crystals of
rubidjum cuprous cyanide are formed.

2CuCN + 2HCN + Rb,CO, -4 2RbCu(CN)8 + COt + HjO
H. Groasraann and P. v. d. Foret, Z. anorg. Chem.. 43, 94 (1905)
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CuCN
in-96S

A liquid ammonia solution of cuprous cyanide (formed by the action
of excess copper in liquid ammonia on mercuric cyanide) reacts slowly
with selenium to form a blue solution of cupric selenocyanate and
a black precipitate of cupric selenide.

2CuCN + 3Se Cu(SeCN)i + CuSe

F. W. Bergstrom, J. Aiu. Ch«ni. 8oe.» 4S| 2396 (1926) jg

CuCN NaCN
K4Fe(CN)4 111-969

Na4Fe(CN)»

A solution of cuprous cyanide-sodium cyanide will react with a
saturated solution of sodium ferrocyanide yielding colorless crystals

of sodium cuprous ferrocyanide. The same type reaction occurs with

potassium ferrocyanide.

(a) 2(CuCN NaCN] + K4Fe(CN)> NatCutFe(CN)a -f 4KCN
(b) 2[CuCN - NaCN) + Na4Fe(CN)i Na>Cu<Fe(CN)4 + 4NaCN

J. MwDtT, Z. SQorg. (Them.^ 6 . 366 <1896) t8

CuCNS
KMnOf III>970

HsSO«

Cuprous thiocyanate is oxidised by potas^um permanganate in the

presence of sulfuric acid.

lOCuCNS + UKMnOi + 21H*S04
7K1SO4 + UMnSO* + lOHCN + lOCuSOi + 16H,0

S. W. Parr, J. Am. Chem. Soc., 22. 685 <1900)

Ref.. J. Am. Cbem. Soe.. 28. 34 (1901) I
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CuCNS
FaOH in-971

Cuprous tbiocyanate is decomposed by hot caustic soda forming

cuprous hydroxide and sodium thiocyanate.

CuCNS + NaOH ^ CuOH + NaCNS

t. F. Clark, J. Ind. Eog. Chem., 11, 1 138 (1919) gS

Cu(CN),
A Iir.972

At a temperature below 100®, cupric cyanide gives off cyanogen
and leaves a residue of cuprous cyanide.

2Cu(CN),- Cu.(CN), + {CN),("CyCu,”)

A. LaUemand, Compt. rend., M, 750 (1804) gg

Cu(CN), 6KCN
AgNOj

III-973

Silver nitrate added to a solution of copper potassium cyanide
breaks off four molecules of potassium cyanide to form the double
salt.

Cu(CN)r6KCN + 2AgNO,
-Cu(CN),-2KCN + 2AgCNKCN + 2KN0|

A. Brochel and J. Petit, Ann. chim. phyt, (VIII), 9, 444 (1904-4)6) 100

Cu(CNS)r4NH,
^ HI
Copper thiocyanate tetrammoniate will react with ammonia at low
temperature yielding copper thiocyanate hexammoniate.

Cu{CNS),-4NH, + 2NH, Cu(CNS)t '6NH»

Frits Ephraim and Edward BoUe, Bw., 46, 1770 (1916)
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CuCO,
CHsClCOOH ni*975

Copper monochloroAcetate forms when copper c&rbooate is added to
a water and absolute alcohol solution of monochloroacetic acid.

2CH,ClCOOH + CuCO, + 4H,0
-Cu(CH*CIC00)f4H,0 + (H,COi)

W. G. BsUmsn sad A. B. Hoel» J. Am. Chem. Soe., 86, 2518 (1014) i

CuCO I

C«H9(NOs)»OH in-976

When hot concentrated solutions of picric acid and copper carbonate
are mixed, copper picrate undecahydrate deposits, on cooling. This
is decomposed to the anhydrous salt at SO”. The anhydrous salt

forms the tetrahydrate when exposed to moist air at 26”.

CuCOj + 2C*Hi(NO,),OH + lOHtO
[C.H,(NOt),0)iCu nHiO + (COt)

0. Silberrad a&d H. A. Phillips, J. Cbem. 8oc. (I.ondon), 9$, 478 (1908) 57

CuCOi
CrOi in-977

NHiOH
Copper carbonate and chromium trioxide solutions were made and
mixed and then ammonium hydroxide added to the solution until it

is clear. The solution is filtered and allowed ^to [remain in the

air. The double chromate salt is formed.

(CuCO, + 2CrO, + 4NH4OH
^ (NH4),Cu(Cr04),*2NH, + 3HtO + CO,)

8. H. C. Brigga, J. Chem, Soc. (London), 8$ :1, 394 (1903) i09
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FeSi

CuCOt
III-978

KHCOi

Copp6r carbonate, marcasite (FeSt), and potassium bicarbonate,

with carbon dioxide in a sealed tube, heated for 14 hours at 160^*

to 170^ react to form cuprous sulfide, ferric oxide, potassium sulfate,

carbon dioxide and water.

2FeS, + eCuCOi + 2KHCO,
-*3Cu^ + Pe,0, + SCO, + K,SO* + H,0

H. N. Stoku , ). Am. Cben. Soc., 89, 308 (1907) 1$

CuCO,
III-979

HjCeHiO?

Cupric malate is prepared by adding malic acid to cupric carbonate.

Cupric citrate is prepared from citric acid in a similar way. The
malate is decomposed by the addition of water, forming the acid

salt and the basic salt.

(a) CuCO, + -* CUC 4H4O. + (H,0 + CO,)

(b) 3CuCO, + 2H4C4H4O, GujCC^HiOt), + (3CO, + 3H,0)

(c) 3CuC 4H404 + H,0 ^ C4H4O4 CuO + CuH,(C 4H404),

8. V. Piekermg, J. Cbem. Soc. (Loodoo), 108, 1365 (1913) S7

CuCO,
HjF, in-980

A basic cop|>er fluoride is formed when copper carbonate is treated
with hydrofluoric acid and the resulting salt boiled with water.

(A) CuCO, + H,F,^ CuFr H,0 + (CO,)

(b) 2CuF,-H,0 Cu0-CuF, H,0 + (H,F,)

Beraeliua, Pogg. Ann., 1, 28 {1S24)
Ref., Ann. chim. phya., (2), 24, $1 {1823)
Ref., Edffiister and Copper, J. Am. Chem. Soc., 42, 2419 (1920) /
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H*Pt

KsCOa

Copper carbonate is dissolved in hydrofluoric acid. To this solution
potassium carbonate is added. Colorless copper potassium fluoride
is precipitated.

(a) 2CuCO, + 3H,F, ^ 2CuF, HP + 2CO, + 2H,0
(b) 2CuPi HF + K|CO>^ 2(CuF> KF) + HiO + CO,

H. V. Hetmoholt, Z. aoorg. Cbem., $, 115 (1893)

CuCO,
H,P,

RbsCO,

in-962

Copper carbonate is dissolved in hydrofluoric acid. To this solution
rubidium carbonate is added. Colorless copper rubidium fluoride is

precipitated.

(a) 2CuCO, + 3HJF,- 2CuF, HP + 2COi + 2H,0
(b) 2CuF, HF + RbtCO, 2(CuF, RbP) + COt + H,0

H. V. Hslmobolt, Z» ancrg. Cbsm.» 8, 116 (1893)

CuCOi
H,SeO, nZ-983

Cl,

Pure copper carbonate is converted into copper selenate when added
to a solution of selenioua acid which has bera treated with chlorine.

(a) HiSeO, + Cl, + H,0 2HC1 + H,Se04

(b) 2CuC0, + 2HCI + HfSeO,
- CuSe04 + CuCl, + 2CO, + 2H,0

L. M. Deoais and J. P. KoUer, J. Am. Cbem. Soe., 41, 956 (1919) 1
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CuCOj

H,C»HiOr m.984

In the presence of alcohol
»
addition of citric acid to cupric carbonate

causes precipitation of basic cupric citrate.-

2HiCaH407 + 4CaCO, + 2H,0
-* Cu*(CtH|Oj), CuO 5HjO + 4COj

s. V. Pickering, J. Chem. Soc, (London), 103, 1356 (1913) 67

CuCO, Cu{OH),
KH«OH

CO,

III-9$6

When malachite is dissolved in ammonia—ammonium bicarbonate,
the reaction is represented by the following equations:

(a) CuCO, Cu(OH)i + COr + 4NH|0H

,,, ^ -^2Cu(NH,),.C0, + 5H,0
(b) CuCOrCu(OH), + 6NH*OH

^ Cu(NH,),CO, + Cu(NH,) 4(OH), + eH,0
(c) CuC0,*Cu(0H), + 9NH40H

-2Cu{NH,)4(OH), + NH4HCO, + 7H,0
E. B. Holland and G- M. Gilligan. J. Phy«. ('horn.. 31, 731 ( 1927) $6

NajCO j

CuCOi

Iir-966

A deep blue solution is formed by dissolving copper carbonate in a
solution of sodium carbonate containing sodium bicarbonate. Light
blue crystals of a double salt separate on standing.

CuCOj + Na,COj + 3H,0 ^ CuC0rNatC0r3H,0
Deville, Ann. chem. phys., 33* 75 (1861)
Ref;, 8. V. Pickering, J. Chen. Soc. (London), 95:2, 14U (1909)
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CuCOa
dj-aianine m

If copper carbozkAte ia boiled with d,l-&laQiQO in aqueoue solution, the
copper salt of this acid is formed. It can be precipitated with
propyl alcohol almost quantitatively.

(CuCOj + 2C*H,0|N (C,H40tN)tCu + H,0 + COa)

P, Pfeiffer end W. Chruteleit, Z. physiol. Chem., 246, 197 (1936)

CuCOi
dJ'Uctic acid 111-988

If copper carbonate is boiled with an aqueous solution of d,l-lactio

acid, and if after almost complete evaporation d,Mactic acid is added
again, the copper aalt of this acid is formed.

(CuCOi + 2C,H»0»^ C.Hi^4Cu + HfO + COi)

P. Pfeiffer and W. C^risteleit, Z. physiol. Chem., 847, 262, (1937) 14

CuCOi Cu(OH)t
COs m-969

Malachite dissolves in water containing dissolved carbon dioxide to

form a bicarbonate.

CuCOe Cu(OH)t + 3HiCO, 2Cu(HCO,)i + 2H,0

C. A. Seyler, Analyet, $$, 454 (1908) 40

CuCO. Cu(OH),
HCOOH ni-990

Copper formate is produced when pure basic copper carbonate is

treated with 90% formic acid.

CuCOi Cu(OH), -h 4HCOOH 2(HCOO)iCu -|- (COi + 3HtO)

J. Kendall and H. Adler, J. Am. Cbem. 8oe., 48, 1477 (1921) 1
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Cu(C,H,O0*

C4H4(C00NH*), III-991

A solution of ammonium mucato is treated with a solution of copper

acetate as long as a precipitate forms. The precipitate is filtered off

and dried. It is copper mucate.

A similar reaction occurs when this reagent is treated with nickel

acetate.

(CtH,Oi)iCu + CiHifCOONHOt
C4H4(CQO)tCu + 2C,H,0, NH4

H. Rupe, Ana., 366, 25 <1890) ^

Cu(C,H,0,),

m.992

When pyridine is added to an aqueous or an alcoholic solution of

cupric acetate and the solution is evaporated, cupric acetate-pyridine

complex separates as emerald-green, six-sided platelets and as short

prisms.

Cu(C»H,0,)i H- C^HiN Cu(C,H,0,), C*H*N

P. PoersCer, Ber., 25, 3420 <IS92) 9i

Cu(C,H|0,),

III-993

Powdered cupric acetate is treated with an excess of pyridine to obtain

a blue compound having the formula Cu(CtHtO$)t* 4C 4HfiN.

Cu(C,H,Oi)i + 4C»H»N Cu{C,HtO,), 4C»H*N

F. Foenter, Ber., 26, 3421 (1892) 9i

Cu(C,H,0*)t
CsHjN ni-994

Copper acetate treated with pyridine gives one of two compounds
depending upon the temperature. The transition point is 44.7®.

The salts were described by Foerster (Ber., 26, 3416 (1892)).

CuCC,H,0,)s -I- C^H^N^ Cu(C,H,0,), C.H*N

J. H. Mathews and B. B. Benger, J. Pbys. Chem., 18, 264 (1914) 7
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Cu(C^,Ot)i
CJW»(COONH.),

Ammonium picoUn-dic*rboxylate is dissolved in water and an
aqueous Mlution of copper acetate added as long as a precipitate
forma Filter off the precipitate and wash with water. Copper
pjcolm-dicftrboxylate ia formed.

Cai.N(COONH.). + CufC,H.O,),

C.H,N(COO),Cu + 2C,H.O.NH.
8, Altar, Ann., aST, 193 (1887)

Cu(C,H,0,),
^ in-996

Cuprous iodide is precipitated and iodine liberated when cupric
acetate is treated with potassium iodide.

2Cu(C,H,0,), + 4KI 2CuI + 4KC,H,0, + I,

A. H. Low, J. Am. Chen. Soc., Si, 1083 (1903) I

Cu{C,H,0,),

111*997

Cupric acetate reacts with ammooia, ia alcoholic solution, to form
cupric aceUte diammoniate. The diammoniate crystallises when
the solution is evaporated and may be recrystaltized from strong
alcohol.

Cu{C,H,Oi)t + Cu(C,H,Of)r2NH,

F. Foenter, Ber., 36, 3418 (1802) oi

NHa

NH«I

Cu(C*H|Ot)i

01-999

When the proper amounts of cupric acetate, ammonia, alcohol and
acetic acid are mixed, black crystals of tetraramon-tri cupriammo*
nium iodide are obtained.

(a) (Cu(C,HtOi), + 2NH 4I CufNH,),I, + 2HC,H,Ot)
(b) 3Cu(NH,),I, + 4NH,w Cu,I,(NHj)ig

T. W. Richards acid G. Oenalager, Am. Chem. J., 17, 302 (1896)
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NH*OH
NH«I

in-999

Clear, deep-blue crystals of ammoncupri ammonium acetoiodide are

produced when cupric acetate is dissolved in ammonia water. To
this cooled solution add aqueous acetic acid, ammonium iodide and

alcohol.

Cu(C,H,0,), + 2NH4OH + NHJ
->Cu(NH,),IC,H,0,(+ 2H,0 + HC,H,0,)

T. W. Richards and O. Oenslager, Am. Cbem. J., 17, 29S (1395) 1

Cu(C,H,0,),
nfiHi m-1000

Light

An ammoDiacal solution of 1% copper acetate to which has been

added about 15 to 20 mg of hydrazine hydrate per 10 ml. of solution is

reduced by long exposure to tight. The leddish product seems to be

a mixture of copper and cuprous oxide.

Cu(CtH|()t)« + CuiO + Cu 4* (other products)

C. W. Bennett, X Phya. Chem., 13, 732 (1912) 7

Cu(C|HtOt)i
Na,Te III-lOOl

Normal copper telluride forms as a black precipitate when sodium
telluride reacts with copper acetate in presence of acetic acid.

Cu(C,H,0,), + NaiTe CuTe + (2NaCrH|08)

C. A. Tibbala, Jr., J. Am. Cbem. Soc., 31, 909 (1909) i

Cu(C,H,Ot)t
Na^Tei III-1002

Anhydrous copper telluride is formed when sodium polytelluride
reacts with copper acetate.

2Cu(C,H,0*)r + Na^Tea Cu/Te* + (4NaCiHaOt)

C. A. Tibbals, Jr., J. Am. Chem. Soc., 31, 910 (1909) 1
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Cu(CjH|Oj)t
SO,

iu«

copper eulfite, is obuined when

in*ioo3

W 4Cu(C,H,0»)* + nso, + HtO

_ 2[Cu,SO,- JH,0) + (16CO, H- 12H, + 9S1
(b) 2JCutS0* }H,0) + HiO -2CuiS0i H,0
lUmberg, Z. Physik. Chetn., 69, 512
Ref., J. L. Howe, J. Am. Chem. 8oc., 3$, 168 (1911)

A
Cu(CtHiO»)i

ni-1004
A water eolution of cupric acetate when heated to 170® channs to
cuprous oxide, free acetic acid, and COi,

2Cu(CtH,0t)i + 5HtO- aCjHiOi + CutO + 4CO, + (THj)

Kibao,

Ref.. A. Henninger, Ber, 9
, [2], 1133 (1876)

Cu(C,H,0,),
d-Amlno-4-bromobeozoic acid

3-Amjno-4-broinobeD*oic acid is dissolved in ammonia and the
Mlutioa evaporated to dryness to remove excess ammonia, dissolved
in water and an aqueous solution of cupric acetate added, The pre-
cipitated cupric-3-amino^bromobensoate is washed with water and
dried,

A similar reaction occurs when this reagent is treated in a similar
manner with lead acetate.

2C,H,NHjBrCOOH + Cu(CJI,0,),

Cu(CtH|NH,BrCOO)« + 2CH,COOH
H. Hebner, Ann., 888, 180 (1884)
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Cu(C,H^,),

Aflunotuum-3 ,4•dibromobeaioAte m ~

Aminonium'3,4-dibromobensoate is dissolved id water and an

aqueous solution of cupric acetate added as long as a precipitate

forms. The precipitate is filtered off and dried. It is cupric-

3 ,4-dibromobensoate.
A similar reaction occurs when this reagent is treated with a solution

of silver nitrate.

2C«H|Br,COONH4 + Cu(CtH,Oi)i

CufC»H<BriCOO)i + 2NHiCaH,04

H. Htiboer, Ann., 222, 136 (1864) fO

Cu(CtH,0,),

poNitrophenylaJanine III -1007

One grain of p*nitrophenylaIanine is dissolved in 80 cc. of hot water
and a hot aqueous solution of 0.5 gram of cupric acetate in 20 cc.

water added. Copper p-nitrophenylalanate with 4HjO precipitates.

2C8H»N,0jC00H + Cu(C,H,Oi),
-> Cu(C>HtNiOtCOO) t + 2HC,H,0,

E. Erlenmeyer and A. Lipp, Ann., 819, 283 {1863) gO

Phenylalanine UI-1008

Dissolve I g. of phenylalanine in 70 cc. of boiling water and add a hot
solution of 0.7 g, of cupric acetate in 20 cc. water. Filter while hot
and cool. Cupric phenylalanate with 2H*0 precipitates.

2CgHioNCOOH + Cu(C*H,0*),

Cu(CeHioNCOQ)t + 2CH,COOH
E. ErJenmeyer and A. Lipp, Ann,, 219, 200 (1883) go
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^
Cu(C,H,0,)*

Sodium metaaminobonzoate
111-1009

An aqueous solution of sodium metaaminobensoate is treated with

^ aqueous solution of cupric acetate as long as a precipitate forms,
the solution filtered and the residue dried. It is cupric meta-
axmnobenzoate.

2C,H«NH,COONa + (C,H,O0«Cu
-* (C,H,NH,COO),Cu + 2C,H,0,Na

H. BUbD«r, Am., 199, 30 (1379) ^

Cu(C,H^,), C*H|N

The transition point between the two salts given below is 44.7®,

Cu(C,H.O,). 4C>H,N ga Cu(C,H.O,).-C>H,N + 3CsH,N

Fo«r»Ur, B«r., 26, 3416 (1892)
Ref., J. H, Mathews aad B. B. Beager, J. Pbye. Chem., 18, 264 (1914)

m-ioio

Cu(C,H,Oi), H,0
Benzoyl carbinol

UI-lOll
If solid copper acetate is shaken for several days with bensoyl carbinol
in alcohol and water, cuprous oxide precipiutes with simultaneous
formation of phenylglyoxal.

2Cu(C,H,0,), H,0 + C,H^COCH,OH
Cu,Q + 4CHiCOUH + C,H»COCHO + H,0

M. Hease, Z. pbyriol. Chen., 198, 82 (1931) ti

Cu{C»H,0,)r2NH,
« m-ioiz
When gaseous ammonia is passed over solid cupric acetate diammoni-
ate, heat is liberated, and the solid increases in weight by about
12,80%. The unstable tetrammoniate is probably formed.

Cu(C,Ha02)t 2NH, + 2NH,^ Cu(CeH,0*)i 4NHt
F. Focrsicr, Bor., 36, 3419 (1892) or
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C^»N

CuC^H^SO^
nMOia

Olive green colored needles ere obtained when pyridine is added to a

coDC. solution of copper o-phenol sulfonate^

C»H4S04Cu + 2C»H6N + H,0 -» C,H*SO*Cu- (C*H*N)r H,0

H. Ley and O. Erler, Z. anorg. Cbem., 66, 401 (1908)

CuCiH4SO«
WH4OH III-1014

To a saturated solution of o^phenol copper sulfonate, an excess of

ammonium hydroxide is added. A deep green solution will result.

After some time, prismatic needles will be formed.

CiH4S04Cu + 2NH1OH + HiO - C^H^SOi Cu(NH,)r2H,0

H. Ley and 0. Erler, Z. anorg. Cbem., 66, 401 (1908)

CijC«H4S04

IfHiOH ni-1016

To a concentrated solution of copper p-phenol sulfonate, an excess of

cone, ammonium hydroxide is added. Deep dark blue needles

will be formed.

2C,HiS04Cu + 4NHi0H-^Ci,Hx,S,0,Cu(NH,)4*2(H,0) +?
H. Ley and O. Erler, Z. anorg. Chem.. 66, 401 (1908) S8

CuCCiHiCOO),
NH, m-ioie

Copper bensoate will react at room temperature with ammonia gas.

An excess of ammonia at low temperature will yield a dark blue
colored precipitate. Finally one more molecule of ammonia may be

added yielding copper benaoate pentammoniate of green color.

(a) Cu(C4Hs COO), + 3NH, ^ Cu(C,H4-COO)r3NH3

(b) Cu(C4H.'COO),«3NH, + NH,^ Cu(C,H,COO)r4NH,
(c) Cu{CeH8 COO)r4NH, + NH,^ Cu(C<H8 COO), 5NH,

Frits Ephraim and Edward Bolle, Ber., 48, 1770 (1916) S8
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Cu(C,H^O,),
CsHsN

ni.1017

P-P**®"®' suUonate, pyridine isadded. A blue colored salt will be obuined.

(C.H^O.),Cu + 4C,H,N C„H,^,0,Cu-4(C.H.N)

Chem., SB. 401 (1908) gg

p,,
cu<cauO,),

.
,

in-1018
A solution of copper capronate in pyridine (which ha* a green color)turns iiamediately brown on contact with metallic lead and a deposit
of metallic copper is formed simultaneously on the surface of the lead.

Cu(C.H„0,), + Pb Pb(C,H„0,), +^u
J. L, Sammii, J. Phyi. Chem., 10» 893 (1908)

rjJK Cu(CrH*Oi)j

IIM019
Blue oeedles are formed when pyridine ia added to an alcoholic copper
salicylate solution.

(C,H,0,),Cu + 2C,H»N Ct,H,oN,O.Ou
H. Ley and O, Bfler, Z. anorg. Cbem., S6» 401 (1908) gg

„„ Cu(CrH*Oe),

ni-1020
A complex salt of dark blue color is formed when cone, ammonia is
added to copper p-oxybensoate.

(CtHiOOiCu + 2NH, H- 6H,0 -» CmHuO^NiCu-SHiO
H. Ley and 0. Erler, Z. aoorg. Chem., 68, 401 (1908) gg

CuC^HcSOi

ni-1021
Dark olive green colored needles are formed when pyridine is added to
a solution of copper o^resol-o*sulfonate solution.

CuC,H,SO* + 2C*H,N + H,0 Ci,Hx,0*N,SCu
H. Ley and 0. Erler, Z. anorg. Chem., 56, 401 (1908) gg
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CuCrHcOiS
III-1022

To & solution of copper o-^iresol-p-suifonate in alcohol and water,

pyridine is added in excess. Dark blue colored needles are formed.

2C7H*SO.Cu + 4C,H*N + H,0 ^C„H,40|N4SjCu + (CuO)

H. Ley and 0. Rrler, Z. aaorg. Chem., S6, 401 <1008) t8

CuCtHtSO^

NH, III-1023

A dark green colored salt is obtained when an excess of ammonia is

added to a solution of copper o-cresol'O-sulfonate.

C7H1SO4CU -h 2NH, + H,0^ CtHuO^NtSCu

H. T^ey aod 0. Erler, Z. anorg. Chein,^ 88, 401 (1908) f8

CUC7H1SO4
NHi III-1024

Blue needles are formed when ammonia solution is added to copper
o-cresol«p*8ulfonate.

Cu2CrH*S04 + 4NH, + 3H,0 ^ Ci4H,40iSiN,Cu 2(11,0) + CuO

H. Ley and 0. ErUr, Z. anorg. Chem., 66, 401 (1908) gS

P1> III-1026

A toluene solution of copper palmitate, at the boiling point reacts with
metallic lead, producing in two hour's time a thick black scale on the
lead- In similar procedures, some tarnish is observed on bismuth but
there is no effect on magnesium, antimony, cobalt, silver, sine,

tin or cadmium. In pyridine solutions, the reaction with lead is

rapid. This replacement proceeds also in the absence of solvent at
temperatures in the range, 125-140®.

Cu{Ci4H„0,)8 + Pb Cu + Pb(C«H,iO,),

J. L, Sammis, J. Pbya. Chem., 10, 593 (1906) r
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Cd

Pb

Cu{CwH„0,),

111-1026

Cupnc oleate m amyl nitrate reacts at boiling temperatures with
lead and wdnuum, coating these metals with a bright red metallic

Sit
IS somewhat tarnished but silver, magnesium,

cobalt, aluminum, tm and iron are unaffected. The reactions
were observed over a period of two hours. These reactions havebeen studied using bensene, carbon disulfide ethyl acetate, acetone,
carbon tetrachloride, bensylamine. pyridine, etc. as solvents and
also sine, nickel, bismuth, antimony, and platinum as metals.

(a)

(b)

Cu(Ci,H„O0» + Cd + Cd(Ci,H„0,),

Cu{C,.H„0,), + Pb - Cu + Pb(C„H„0,),

J. L. Sftmmifl, J. Phyt. Cbem., 10, 593 (1906)

SnCl«
Cu(CiiH«iOt)t

nM027
A slight excess of stannic chloride in dry bensene will precipitate
copper chloride immediately and completely from a solution of
copper oleate in bensene. The precipitate is brown and somewhat
contaminated by stannic oleate. The stannic oleate left in solution
may be recovered by evaporating the solvent and excess stannic
chloride. Phosphorus trichloride, arsenic trichloride and silicon
tetrachloride may be substituted for the tin chloride with similar
rapid and quantitative precipitation of copper chloride.

(a) 2Cu(C„H„0,), + SnCL — Sn(C,iH«0,), + 2CuCl,

(b) 3Cu(CuH„0,), + 2PCI,^ 2P{C«H„0,), + 3CuClt

(c) 3Cu(CiiH«0,), + 2AsClj^ 2As(CiiH„Ot), -f- SCuClt
(d) 2Cu(Ci»H„0,h + SiCU Si(C«Hi*0,), + 2CuCl«

L. Kahlenbcrg, J. Phys. Chem., 6, 1 <2902) 7
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CuCt04

CiH^N m-1028

Wten copper oxalate is mixed with pyridine, sky-blue, prismatic
crystals are formed. The composition of the crystals indicates the
formula given below.

CuC,04 + 2C.H4N CuCjOt 2C»H4N

K. Seubert ud G. Reuter, Ber., 2825 (1892) 9J

CuCiOi
NH, m-1029

When copper oxalate is treated with an excess of aqueous ammonia,
a blue solution is obtained- When the solution evaporates, dark-
blue triclinic crysUls form. The composition of the crystals corre-
sponds to the formula shown below.

(CuCiOi + 2NH, + 2HtO CuCt04 (NHi)i 2HjO)

K. Seubert and 0. RauUr, Ber., 25, 2823 (1892)

CuCI

111-1030

The reaction of acetylene with cuprous chloride may be used for
purifying the acetylene.

(2CuCI -f C»H, ±5 CutCi + 2HC1)

RCmer, Ann., 2SS, 183 (1886)
Ref., K. Stehrfoas, J. Chim. phys., 16, 175 (1918)

C9H1
CuCl

By passing acetylene into an ammoniacal solution of cuprous chloride

forS**
precipitate of cuprous acetyl oxide is

4CuCl + 2C*H, + 2H,0 -> 2HC,Cu,0 + {4HC1 + H.)

Berthdot, Compt. rend., S2, 456 (1866)

ni-1031

s$
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C,Hi

KC\

CuCl

m-1032

By passing acetylene into a concentrated solution of cuprous chloride
in potassium chloride, a yellow precipiute is formed consisting of a
double chloride. The latter upon washing with a saturated solution
of potassium chloride, gives cupro acetyl chloride.

(a) 2CuCI + C|H, + KCl -• (HC,Cu,Cl KCI + HCn
(b) HC,Cu,CI KQ HC,Cu,Cl + KCl
Bertholet^ Compt. rend., 62, 456 (1866) $9

Cud
CsHft’ s ' cHsCOOH HI•loss

Cuprous chloride dissolves in ethyltbioglycolic acid and yields on
evaporation colorless, flat prisms of anhydrous ethyltbioglycolic
acid cuprous chloride. If a 1:1 acid-water mixture is used, the
mono«hydrated compound is produced.

(a) CuCl + 2C,H* S CHtCOOH - (C,H, S CHtCOOH), CuCI
fb) 2CuCI + CtHrS CHiCOOH + HaO

8 CHaCOOH (CuCl), HjO

L. Ramberg, Act. U&iv. Lond. Med. Matem. Natur., N. 8. 4, No. 2, 4 <ld08) iO

CuCl
CA s • CHaCOOH in-10d4

KSCN

Cuprous chloride is dissolved in ethyltbioglycolic acid, potassium
thiocyanate is dissolved in ethyltbioglycolic acid and the two warm
solutions are mixed. Some anhydrous ethyltbioglycolic acid cuprous
thiocyanate separates as small, almost microscopic, colorless, oblique

tabular crystals.

CuCl + KSCN + CiH, S CHiCOOH
^CuSCNC,H,SCH,COOH + (KCl)

L. Rsmberg, Acta Univ. Lund. Med. Matem. Natur., N. 8. 4, No. 2, 15 (1908) tO
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Cud
CiHjN in-1035

Upon addition of copper chloride to pyridine the complex precipitates

as a green solid.

2CuCI + 4C4HsN ^ (Cu,(C*HtN>*)CI,

O. 0. Maroubian, J. G«o. Cbem. (USSR), 10, 917 (1940) 60

CuCl

ni>1036

2,2'-Biquiiiolyl, prepared by catalytic dehydrogenation of quinoline,

gives a purple color^ compound with the cuprous ion. The reaction

is very sensitive and is specific for copper.

(CuCl + 2C„H„N,-.CuCI(C,.H,,N,),)

J. G. Breckenridge, R. W. J. Lewia and L. A. Quiack, Can J
(1989)

Res., B17, 258

69

CuCl
CuNi

*

IIM037

On passing current through a cell having a copper-nickel anode and
cuprous chloride solution, copper is deposited on the cathode and
nickel is dissolved.

2CuCl + CuNi 3Cu + NiCl,

J. W. Richards, Trans. Am. E>ctrochem. Soc-, 5, 91 (1904) $

CuCl
HCI

0,

m-iods

if cuprous chloride, heated between W and 200“, is treated with
hydrochloric acid, drop by drop, in the presence of air, it is trans-
formed into cupric chloride and water vapor is given off. The same
reaction takes place when gaseous HCI is used.

4CuCl + 4HC1 + 0,^ 4CuCI, + 2H,0
A. Mallet, Compt. rend., 66, 350 (1S68) S9
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CuCl

m-1030
Fr^y precipiteted cuprous chloride washed with water forma
hydrochloric acid in solution and a precipitate of cuprous oxide.

2CuCl + H,0 -* 2HC1 + CutO
J. R. Haywood, J. Phy«. Chem., 1, 4J1 (1896-7) ^

CuCl

m-1040
Cuprous chloride will be decompoeed by water either to cuprous
hydroxide and hydrochloric acid or to cupric chloride and meUllic
copper.

(a) CuCl + H,0 CuOH + HCJ

(b) 2CuCI CnClt + Cu

G. BodJiader and 0. Starbeek, 2. aoorg. Chem., 91 » 1 (1002)

H,0

O,

CuCl

in-1041

When cuprous chloride is heated at 500^0 in a stream of moisture
and air, cupric oxide and hydrogen chloride are formed.

4CuCl + 2H,0 + 0, 4CuO + 4HC1

P. Kluon, 8v. Kem. Tidak., 89, 210 (1917)

CuCI
H,0

SOs

m-1042

If an electric current is passed through a solution of cuprous chloride

treated with sulfur dioxide in an electrolyser the foUowing reactions

take place.

(a) 2C:uCl + € -* 2(^ + Cl,

(b) 2C1 + SO, + 2H,0 2Ha + O4

Grecnwalt, J. Ind. Eng. Chem., 8 , SS5 (1910)
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CuCl

III*1043

Hydr^^ chloride is liberated when cuprous chloride reacts with

liquid hydrogen sulfide.

2CuCl + H,S^ 2HCJ + CuiS

A. W. Ralston aad J. A. Wilkinaon* J. Am. Cbem. Soc., SO, 259 (192S) I

CuCi
KCl 111-1044

Cuprous chloride will react with diluted solutions of potassium
chloride yielding complex potassium copper chloride salts.

(a) CuCI + KCl^KCuCl,
(b) CuCi + 2KCI -4 KtCuai

G. Bodl&ader and 0. Starback, Z. asorg. Cbem., 31, i (1902) tS

CuCI
K>Cr{CN)» 111-1046

Cuprous chromicyanide is formed as an orange-yellow precipitate
when a solution of cuprous chloride is added to a solution of potassium
chromicyanide.

3CuCl -h KtCr(CN)4 Ou>(Cr(CN)>) + (3KC1)

F. V, D- Cniser aad E. H. Miller, J. Am. Cbem. Soc., 28, 1139 (1906) /

CuCI
MgO ni-104S

solid cuprous chloride and magnesium oxide stand in contact
with water, magnesium chloride and cuprous hydroxide are formed.

2CuCl + MgO -h HjO MgCl, + 2CuOH
Sterry Hunt,

Ref., Cb. Friedel, Ber., 3, 35 (1870) r <
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CuClCCutCI”)

In the dry method, ammonia gas forms three additional compou^s^*^'^

il‘!h
<*) >8 formed on slight warming; (b) is formed

in the cold; (e) is formed on prolonged action, but is difficult to obtainm the pure state and the formula is uncertain. In the wet method,
cuprous chloride is boded in a solution <rf hydrochloric acid to which a
slight excess of ammonia has been added, reacUng as in (d).

2CuCl + 2NH,- 2CuCl-NH,
W CuCl + NH, CuCI NH,
(«) CuCl + 2NH, Cua • 2NH»
(d) CuCl + NH, + 2H,0-.CuClNH,-2H,0
P- P. Deherain, Compt. rend., 66, 807 (1882)

NaOH
CuCI

in-1048
Hydrated cuprous oxide is precipitated when a hydrochloric acid
solution of cuprous chloride is added to a dilute sodium hydroxide
solution.

SCuCl + SNaOH -4 4(CutO) H,Q + 8NaCI

H, V. TnrUr end W. L. Semon, J. Am. Chem. Soe,, 4$, 494 (1921)

CuCl

m-1049
Cuprous chloride and sodium thiosulfate when mixed produce
dicuprous thiosulfate disodium thiosulfate dicuprous chloride.

eCuCl + 4Na,S,0, ^ 2J(Cu^,0,) • (NaiS,0,) - (CuCl)] + (4NaCi)

E. H, Rjewn/eld and E. GrUntUl, Med. K. Vet. Nobtlinst.. 8, No. 9, 32 (1924) 10
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CuCI

lfa*Pe(CN)t nM060

K^Fe(CN)«

By boiling cuprous chloride with a solution of sodium ferrocyanide,

colorless crystals of sodium cuproferrocyanide are obtained. The
same type reaction occurs with potassium ferrocyanide.

(a) 2CuCl + Nsire(CN)«^ NatCutFe(CN)i + 2NaCI

(b) 2CuCl + K^FeCCN)!^ K,Cu,Fe(CN), + 2KC1

J. Messner» Z. taorg. Cbem., 8, 368 (I89S) g$

CuCl

Oi in-1051

Cuprous chloride is readily oxidised by atmospheric oxygen to

form copper oxide and copper chloride.

4CuCl + Of 2CuO + 2CuCU

L, P. Curtin, Ind, Eng. Chem., 19» 993 (1927) <8

CuCl
Oi 111-1062

When cuprous chloride is heated at 500T in a stream of dry air, cupric
oxide and chlorine are formed.

2CuCl + 0,-^2Cu0+ Cl,

P. Klftson, Sv. Kem. Tidsk., 29, 210 (1917) jo

CuCl
Oi III-1063

Cuprous chloride absorbs oxygen from the air spontaneously. At
ordinary temperature, in moist air, the reaction is complete in
several hours. At higher temperatures (100-200^). in the presence
of water vapor, the reaction is almost instantaneous.

(4CuCl H- 0, + 5H,0-4 CuCl,-3Cu(OH), H,0 + 2HCI)

A, Mallet, Compt, rend., 66, 349 (J868)
Ref., Proust, J. de Physique, 61, 181 (1800)
Ref., M. Croger, Z. anorg. Chem., 28, 154 (1901) jo
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CuCI

CujO
m-ioH

Cuprous chloride reacts with oxygen to form mixtures of cupric
oxide, cupric chloride and cupric oxychloride depending on the
amount of oxygen present.

(a) 4CuCl + Oi 2CuCI, + 2CuO
(b)

.
3Cu,0 + 2CuCli + 8H,0 + 30 ^ 2Cui{0H)4CU H,0

G. D. Beagougb ud R. May, 7th report of the inetituU of meUla to the com-
mittee on corrosion.

Ref., Can. Cbem. A Met., 267 (1924)

CuCI

in-ios6

Cuprous thiophosphate is obtained when a mixture of cuprous chlo*

ride and phosphorus pentasufbde is heated.

SCuCl + CuiPSe + P8CI,

G. Olatsel, Z. anorg. Chem., 4
, 186 (1893) $8

CuCI NH,
HCl ni-l058

The cuprous chloride ammonia compounds add on a mole of hydro-

chloric acid.

(a) 2CuCl NHs + 2HC1 2CuCI NH4CI

(b) CuCl NH, + HCl CuCI NH4CI

?. P. Deheraio, Compt. rend., 66, 807 (1882) 89

Cu(ao,)t
NH, in-1067

An aqueous solution of copper chlorate (30-40%) is treated in a small

Oask with gaseous ammonia. The color changes to a deep-blue. On
adding alcohol needles are formed which melt on heating, and eventu-

ally detonate violently.

Cu(C10,)t -I- 4NH, ->^ Cu(aO,)> 4NH,

F. Ephraim and A. Jansen, Ber., 48, 46 (1915) S3



COPPER 325

NH|

Cu(CIO,)t(NH,)i
m-1068

Ammonia gas is passed over dry copper chlorate tetrammoniate at

room temperature. Copper chlorate hexammoniate of ultramarine'

blue color ia formed.

Cu(C10,)r4NH, + 2NH, ^ Cu(C10i)f6NHt

F. Ephraim and A. Jaaseo, Ber., <0, 48 (1915) 00

CuCl,

Ag HI'1069

Cupric chloride when warm and in the presence of other metal

chlorides, reacts readily with silver and its compounds to form silver

chloride.

CuClt + Ag CuCl + AgCl

Qreenvalt, J. Ind. Eng. Cbem., 0, 55$ (1910) 00

CuCl,

AgaS IIM060

Silver sulfide reacts with a cupric chloride solution, precipitating

sulfur and silver chloride and leaving cuprous chloride in solution.

Ag^ + 2CuCI, ^ S + 2AgCI + 2CuCI

A. LarssoD, Sv. Kem. Tidsk.. 4, 85 (1892) 10

CuCI,
CHjCOONa ni-lOSl

When a hot solution of cupric chloride reacts with sodium acetate, a
blue-greenish precipitate of basic copper chloride is obtained.

4CuCl, -h 6CH,C00Na + 3H,0
-^ CuCIi 3CuO + 6NaCl -f- 6CH,COOH

W. CassclmaiiA, Z. anal. Cbem.. 4, 24 (1865) zs
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CuCli
CH,-C(;S)NH, 111-1062

If an alcoholic eolution of thio-acelamide be added to a solution of
cupric chloride, a white precipitate of the corresponding chloromer-
captide is formed; hydrochloric acid is also formed.

CuCI, + CH, C(:S) NH, ^ CHrC(:NH) 8 CuCl + HCl

PrafuUa C. R4y, J. Chera. Soc. (Londoo), U6:2, 874 (1919) tg

CuCIt
{CHj)jS in-1063

Cuprous chloride methyl sulfide forms when methyl sulfide is added
to a concentrated solution of cupric chloride.

2(CH,),S + 2CuCU -* 2CuCl(CH>),8 + (CIt)

P. C. Phillips, /. Ao3. Chsm. Soe., 23, 255 (1901) /

CuCU
C:$(NHs)t in-1064

If an alcoholic solution of thio-carbamide be added with constant

stirring to an alcoholic solution of cupric chloride, a granular precipi-

tate (which is white after drying in vacuuo) of the compound shown
below is formed.

C:8(NH,),+ CuCU-> NHt C(;NH) S CuCl + HCl

Prafulla C. RSy, J. Cbem. Soc. (Londoo), 116:2, 873 (1919) 48

CuCU
CsHs m-ioe6

Colorless ciystals are obtained by the reaction of an absolute alcoholic

solution of copper chloride with acetylene.

ecucu + CiH,^ (Cuta,), c,H, + ?

K. A. Hofmann and F. Kueapert, Z. anorg. Chem., 16, 204 (1897) £8
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CjHiOH

CuCl,
ni-1066

Ad alcoholic solution of cupric chloride becomes cuprous chloride

when exposed to light.

2CuCli + CiH^OH 2CuCl + (CH,CHO + 2HC1)

F. P. Venable, J. Am. Chem. Soc., 81. 223 (1899) I

CuCU
(C^ihSl ni-1067

Triethyl aulfonium cupric iodide precipitates as a red brown oil when a

saturated solution of cupric chloride is added to a saturated solution of

triethyl sulfonium iodide.

CuCU + 4(CiH,)iSI -> (S(CiHa)iI)tCult + (2(C,H0-SC1)

R. It. Datta and T. Ghoah. J. Am. Cbem. 8m., S6, 1020 (1914) i

CuCI,
C»H,KSsO IIM068

CnHiiOViS

CiiHisONsS

Copper chloride reacts with rhodamine. yielding a green precipitate.

The same type reaction occurs with O^para-dimetbylaminopheDyli-

minO'2-thiohydan toine and $*para*dimethylamiDobensal*2*thio
hydantoine.

(a) CuCli + 2C,H,NStO + H,0
(C>HtNSiO)CuCI C4H4NStQi + (2HC1)

(b) CuCI, + C,tHi,ON,S + H,0 C,iH,oON4SCuH,Q + (2HC1)

(c) 2CuCl, + 2CuHi,ON^ + llHjO

2C,iH.,ON^Cu 11H,0 + 4HCI

I. V- Dubsky, V. Lindelar and V. Cmiak, Mikrochem., 28, 124 (1938) SS
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CuCit
CtHioOHa in-1069

Cupric salts form coordination compounds with 1:3 diamino isopro-
panol in ethanol solution. Zinc chloride and silver nitrate form
similar complexes:

(CuCl, + 2C,H,.ONi CuCI, (C,HieON,),)

F, G. Mstm, J. Chem. 8o«. (Loodoa), 2904 (1927)
Ref., J- O. Breckeoridge and J. W. R. Hodgin*, Can. J. JUa., B17, S3l (1939) 69

CnCU
CsHaH ni-1070

From a study of equilibrium curves for cupric chloride-pyridine sys-
tems, the transition point between the two compounds CuCIi • 2C«H(N
and CuClt*3CiH»N is found to be about 58^ Below a new
solid phase appears, the composition of which corresponds to the

composition, CuCli*6CiH|N.

CuCl, + 6C,HeN Cuar6CiHJ^
J. A. Matbewa and S. Spare, J. PbyS. Cbam., 21, 402 (1917) 7

CuCI,
CaHcNjS, ID-lOTl

nh;

Copper chloride will react with bensenylasosulhm in presence of

ammonia yielding an insoluble copper salt.

Cua, + 2C.HtN,S, + 2NHi Cu(C,H|N,8t)< + 2NH4CI

J, V. Dubiky, A. Okac, B. Okac and J. Trtilak, Z. anal. Cbam., 98, 188 (1934) g$

CuCU
m-1072

Cupric salts form colored complexes with 2:2'-biquinolyl.

(CuClf + CiiHijN,^ CuCit ‘ CiaHjjN,)

J. G. Breckenridge, R. W. J. Lewia and L. A. Quinck, Can. J. R«a., B17, 288 (1939) $9
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CuCl*
m-1073

Cupric chloride can be reduced to copper if it is heated with calcium

carbide until the mixture is red hot. The reaction is often of explo-

sive character.

CuCIi + CaCj ^ Cu + CaCli + 2C

F, V. KUgelgen, Z. Elektrccbena., 7, 559 (1901)

CuCU
in-1074

Cuprous chloride may be prepared by dissolving cupric chloride,

copper oxide, or copper carbonate in hydrochloric acid, adding strips

of copper foil (in excess) and water, and heating for an hour.

CiiCl, + Cu CutCIt

H. C. Roark, J.A.O.A.O., a, 335 (1920)

CuCh
in-1076

Cupric chloride is very corrosive to copper in a ^de variety of concen-

trations according to the reaction.

Cu + CuCU— 2CuOI

E. E. Thum, Chem. A Mot. Eng., 2S, 301 (1922)

CuCl,

cus m-io70

Copper chloride, (10%) in concentrated sodium chloride solution

will remove HjS, etc. from gas that is passed through the solution, in

the form of free sulfur.

(a) (H^S + CuCl,^ CuS + 2HC1)

(b) CuS + CuCU Cu,CU + S

(c) CutS + 2CuCU^ 2CU2CU + S

F. Fischer and P. Dilthcy, Brenn. Chem., ?, 300 (1026) II
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CuCli
Cu,S ni-1077

Cuprous sulfide reacts with a cupric chloride solution, precipitating
sulfur and leaving cuprous chloride in solution.

2CuCl, + CuiS S + 4CuCI

A. Ureson, Sv. Kern. Tid*k., 4, 85 (1892) to

CuCU
FeClj in-1078

KCNS

TiCl,

Copper may be determined volumetrically, in the presence of a suffi-

cient quantity of ferrous iron (a) and an excess of KCNS (b) by the
agency of a standard solution of tftanous chloride (c). The copper
salt is titrated until the red color of ferric thiocyanate just disappears

(d).

(») CuCIt + FeCl, CuCl + PeClj

(b) FeCl, + 3KCNS Fe(CNS), + 3KC1
(c) CuCl, -I- KCNS + TiCl, CuCNS H- KCl + TiCl.

(d) Fe(CNS), + HCl H- TiCI, FeCCNS), + HCN8 + TiCl*

W. M. Thornton, Jr., J. Am. Chem. Soc., 44, 998 (1922) le

CuCl,
FeS m-1079

Ferrous sulfide reacts with a cupric chloride solution, precipitating

sulfur and leaving cuprous chloride and ferrous chloride in solution.

2CuCl, + FeS 8 H- 3CuCI + FeCl,

A. Larason, 8v. Kem. Tidsk., 4, 85 (1892) iq

CuCI,

H,o nwoao
so,

If a solution of cupric chloride is saturated with sulfur dioxide gas, it

is reduced to cuprous chloride.

2CuCl, + SO, + 2H,0 ^ Cu,CI, + 2HC1 + H,SO*

Greenwalt, J, Ind, Eng. Cbem., 2, 555 (1910) tt
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HjPO*

Cupric

acid.

ni-1081

chloride is reduced io cuprous chloride by hypophosphorous

6CuCl, + 2H,PO, 6CuCI + (H,PO, + 3HCI + POCl,)

A Sieverts, Z. anorg. CheiD.» S4, 29 (1909)

Rif., J.X. Howe, J- Am. Chem. So«., 83, 177 (1911)

CuCl,

H,PO,

Cupric chloride is reduced to cuprous chloride by phosphorous acid,

2CuCl, + HaPO, + H,0 - 2CuCI + {H,PO* + 2HC1)

A. SieverU, Z. anorg. Cbern,, 64. 29 (1909)

Ref., J. L. Howe, J. Am, Chem. Soc,, 88, 177 (1911)

CuCI,

H,PO. in-1083

Copper chloride and phosphoric acid heated together on a sand bath

(up to 400^0 gives copper dimetapbosphate.

CuClt + 2H,POi Cu(PO,)i + 2HCI + 2H,0

I, J. Moltkebaoeen, Trans. Am. £1. Cbem. Soc.. 4, 40 (1908) 8

CuCIi

H,PO* m-1084

Copper chloride treated on a steam bath with concentrated phos-

phoric acid in slight excess forms copper orthophosphate.

3CuCU + 2H,P04 Cu*(POi), + 6HC1

I. J. MoUkehsnsen. Trsnd. Am. £1. Cbem. Soe., 4. 40 (1908) s
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CuClt
KCl in-1086

BaCU
NaNO:

Copper chloride and potassium chloride dissolved in a solution

of sodium nitrite will react with a solution of bauium chloride in

sodium nitrite, yielding ciystab of green color. The same type

reaction occurs by replacing potassium chloride with ammonium
chloride.

(a) CuClt + 2KC1 + BaClt + 6NaNO,
CuBsKt 6NOt + 6NaCl

’

<b) CuClt + 2NH4CI + BaClt + 6NsNOt
CuBa(NH*)i'6NOt + 6NOt + 6NaCI

C. Prsibylla, Z. aaorg. Chem., 16, 41d (1897) i8

CuClt

KOH m4066

A precipitate is formed from N/& solutions of cupric chloride and

potassium hydroxide at 85^0.

4CuClt + 6K0H CuClt (CuO)i 2HtO + 6KC1 + H|0

Miller sod F. R Kenrick, J. Pb>*s. Cbere., 7, 269 (1903} 7

CuClt

KSCK in-1087

TiCh

By reducing an acid solution of a cupric salt to which potassium

thiocyanate has been added by means of titanium chloride, cuprous

thiocyanate is precipitated quantitatively.

(CuC:i, + KSCN + TiCit^ CuSCN + TiCl, + KCl)

V, P. Gerlioger, Z. angew. Chem.i 19, 520 (1906)

R«f., E. Kaecht, Ber., 36, 166, 1549 (1903)

Ref., Rhead, S. Checa. Soc. (London), 89, 1491 (1906) 10$
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KiHg(CNS)4

CuCl*
in-1088

A solution of cupric chloride will react with a solution of mercuric

potassium thiocyanate yielding green colored crystals of cupric

mercuric thiocyanate.

CuCl, + K,Hg(CNS). -» CuHg(CNS)4 + 2KCI

A. Rosenheim and R. Cohn, Z. anorg. Cbem., 27, 280 (1901)

NH,

OuCl,C‘CuCl”)
in-1089

Cupric chloride forms four addition compounds with dry ammonia

gas. Those more rich in ammonia are very unstable and are formed

only upon cooling of the cupric chloride.

(a) CuCl, + NH, ^CuCli-NH,

(b) CuCl, + NH, CuCl, NH,

(c) CuCl, + 2NH, ^ CuCI,*2NH,

(d) CuCl, + 3NH,-*CuCI,*3NH,

P. P. Deheraio, Oompt. read., 85, 609 (1852) e9

CuCl,

NH, ni*1090

(NHi)4Ftf(CN)4

Cupric chloride dissolved in very concentrated ammonia will react

with a solution of ammonium ferrocyanide yielding crystals of cupric

ferrocyanide octammoniate of black color.

2CuCI, + 8NH, + (NH4)4Pe(CK),

CuJ*e(CN), 8NH, 4- 4NH 4CI

J. Measner, Z. anorg. Cbem., 8, 368 (1895) 98

CuCl,

NH 4CI III-1091

Cupric chloride is reduced by ammonium chloride when heated to-

gether.

3CuCl, + NH4CI 3CuCl + 4HC1 + N
P. F^eman, J. Am. Cbem. Soc., 85, 7i6 (1906) I
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CuClt(“CuCr')

NH,C1 m-1092

Cupric chloride unites with amiDODiuin chloride to form double salts.

(a) CuCIi + 2NH<C1 Cuat 2NH4CI

(b) CuCL + 3NH4CI CuCl, 3NH,C1

P. P. D«hcruii, Conpt. read.. U, 800 (1862) 2$

CuCl,

NH4CI 111-1093

CaCl,

NaNO)

17 grams of copper II chloride and 10.7 grams of ammonium chloride

dissolved in a very smaU amount of water will react with a solution of

1 1.1 grams calcium chloride in 100 ml sodium nitrite solution, yielding

crystals of green color.

Cua# + 2NH4CI + CaCU + 6NaNO,
CuCaCNHQi 6NOt + 6NaCl

C. Prsibylla, Z. saorg. Cbem.» 16, 418 (1807)

HCSCH, COOH
CuCls

in-1094

Copper chloride reacts with thiocyanic acetic acid, yielding a black

precipitate.

(a) 2CuCl, + NCSCHiCOOH + 5H,0
CuSCHiCOOCuOH 5H,0 + ?

(b) 4CuCl, + 3NCSCH,COOH + 8H,0
(CuSCH«COO),Cu CuSCHtCOOCu OH 8H,0 + ?

I. V. Dubsky and V. LindeUr, Mikrochem., U, 264 (1988)
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CuClj

„ rn-1095
NaP

CuO

Sodium fluoride reacts with copper oxide and copper chloride in the

presence of arsenious acid to form cupric-ortho^senite and copper

duoride.

3CuO + 3Cu01i + As,0, + 2H,0 + 6NaF
-Cu*(Aa0,)r2H,0 + 3CuPi + 6NaCl

L. P. Curtin, Ind. Eng. Chem., 19, d94 (1927)

Na$SiOi

CuCl,
1II-1096

Cupric chloride is reduced to cuprous by sodium thiosulfate, when the

solution is neutral or weakly acid.

2CuClt + 2NajSiOi 2CuCI + 2NaCl + Na«SiO«

R. Oao0
,
Germ. Pat. 105061

Ref., Z. angew. Cbem., IS, 1082 (1899) S4

CuCIt

Na^PiO., 111-1097

A saturated solution of cupric chloride will react with a solution of

sodium hexametaphosphate yielding a precipitate of copper hexameta-

pbosphate of blue color.

3CuClt + NaiP#0« ^ CuiPiOi« + 6NaCl

H. Lildert, Z. anorg. Chem., 6, 15 (1894) S8

CuCl,

O 2 in-1098

Free chlorine may be produced by treating cupric chloride with

oxygen.

2CuClt -h Ot ^ 2CuO + 2CI,

Wm. Odiing, Chem. News, 28, 211 (1871) lOI
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CuCls

0,
in-1099

Cupric chloride and brass in the presence of ox^r^en forms zinc chlo-

ride, cupric chloride, and cupric oxychloride.

(a) Cua, (2Cu Zn) ZnCIi + 3Cu

(b) 3Cu + 3CuCl, 6Cua

(o) eCuCl H- 30 -I- 4H,0 Cu*(OH)iCl, H^ -I- 2CuCU

G. T>. Beogough and R. May,
R«f., Can. Chem. A Met., 8, 268 (1924)

CuClt
m-1100

Heating cupric chloride in the presence of oxygen will give copper

oxychloride and chlorine.

4CuCli + 0,^ 2CuO CuCli + 2Cli

M. G. Levi and V. Bettoni, Oasi. ehirn. itaJ., 88, 324 (1908) 31

Ot

CuClt
m-iioi

HCl

Copper chloride reacts with oxygen and hydrochloric acid to form first

copper oxide and chlorine and then to reform copper chloride and

water.

(a) CuCIi H- 0

(b) CuO + 2HC1

Kopp, Gats, chira. ital., 1, 819 (1871)

CuO + Clt

O^Clt + H,0

$i

CuClt
in-1102

Cupric chloride attacks metallic sine according to the reaction.

CuCl, + Zn -» ZnCU + Cu

E- E. Thum, Chem- * Met. Eng., 2S, 801 (1922) «
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Cua,
in-1103

Pure chlorine is produced by beating cupric chloride.

CuCl, (Cu) + Cl,

K B, Krauskopf end 0. K. RoUefsoo, J, Am. Chem. See., 66, 2542 (1934) /

CuCl,
ni-1104

When certain chlorides and oxides are introduced into an ordinary

Bunsen gas flame, dissociation occurs and the metal can be collected

on a cold porcelain tube held in the flame. Th% process has been tried

successfully with copper chloride, cadmium chloride, stannous chic*

ride, mercuric chloride, silver nitrate, lead nitrate, bismuth nitrate,

sine chloride, arsenious oxide, antimony trichloride, molybdic oxide,

tungstic oxide, phosphorus trichloride, sodium chloride, potassium

chloride, and sulfur dioxide. The last six compounds decompose

in a hydrogen-air or hydrogen-oxygen flame.

CuCIt-^Cu + CU

W. D. Bancroft and H. B. Weiser, J. Pbys. Chem., 18. 21S (1914) 7

CuCl,

To prepare pure chlorine, cupric chloride was heated.

2CuCI, CJ, + (2CuCl)

Meyer WiJderman. Trane. Roy. Soc. (London), 199, 341 (1902)

in-1106

CuCl,

Aminocapiylic acid III-1106

Addition of a hot solution of aminocaprylic acid to a hot solution

of cupric chloride produces a precipitate of cupric arainocaprylate.

2C,H»NH2C00H + CuCl, (C7HhNH,C00),Cu + 2HC1

E. Erlenmoyer and 0. Sigel. Ann., 17$, 348 (1875) 20
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Cua, Cua NHi
HCl in-1107

When hydrochloric acid acts on the cuprous-cupric chloride ammonia

addition compound, cuprous chloride, ammonium chloride and cupric

chloride-ammonium chloride addition compounds are formed.

2[CuCl CuCU NHJ + 2HCI-*2CuCl NHiCl + 2CuCli NH^Cl

P. P. Deberain, Gompt. reod., 66, 809 (1862)

A
CuClt CuO

1IM106

When cupric oxychloride is heated at 400^, it gives up the oxygen,

leaving cuprous chloride.

2CuCli CuO 4CuCl + 0,

A. MtUet, Compt. read., 64, 226 (1867) gs

CuCU 2H«0
m-1109

SOa

CH9OH

With a methanol solution of Karl Fischer reagent, copper in the

cupric form is reduced to cuprous copper.

CuCU 2H,0 + III + 2SO, + 2CH,OH
Cul-h 2HC1 + 2Hl + 2HSO4CH1

J. Mitchell, Jr., D, M. Smith, E. C. Aebby and W. M. D. Bryant, J. Am. Chem.

80c., 68. 2928 (1941)

CuCU 2HiO
CuCU {KCI)i 2H,0

in-iiio

Cupric-potassium chloride dihydrate reacts with cupric chloride

dihydrate when warmed above 56,2 degrees forming cupric-potassium

chloride and water.

CuCI, (KCl), 2H,0 + CuCl,-2H,0^2CuCl, KCI + 4H,0

J. 0. C. Vriena, Rec- trav. Chim.. 10, 161 (1891)
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cua, <Ka), 2H,o
ni-iiii

Xo the carbon coDtent of steel, a current of nitrogen is slowly

passed through a solution of cupric potassium chloride into which

are introduced hne turnings of the sample. The reaction of cupric

chloride on the steel is allowed to progress, with frequent agitation, for

approximately two hours at about 45'C. Copper hrst precipitates

(a), then redissolves (b), after w*hich the temperature is increased to

boiling and the gases evolved are collected in appropriate absorbers.

(ft) Fe + CuCI*^ FeClj + Cu

(b) Cu + CuCti ^ CufCIs

£. Goutal, Compt. rend., 148, 989-090 (IDOO) 3S

CuCI, (KCl), 2H,0
IIM112

The double potassium cupric chloride dihydrate decomposes above

92.4 degrees forming potassium cupric chloride, potassium chloride,

and water.

CuCli 2KCI 2H,0 ±5 CuCl, KCl + KCl + 2HjO

J. G. 0 . Vriens, Rec. trav. Cbim., 10, 181 (1891) 39

(CuCU)t NH,
HCI ni-1113

Hydrochloric acid reacts with two of the cupric ammonia chlorides to

form double chlorides.

(a) 2{CuCl,) • NH, + 2HC1 — 2CuCI, • NH^Cl

(b) CuCU NH, + HCI CuCI, NH4C1

P. P. Deheram, Compt. rend., 66, 809 (1862) 39

CuCrjO?
Hg(CK)i m-1114

Crystals of dark brown color are obtained when a solution of cupric
dichromate reacts with a solution of mercuric cyanide.

CuCriO, + Hg(CN)j + 5H,0 ^ CuCr807-Hg(CN)r 5HtO

G. KrOss and O. Unger, Z. anorg. Chem., 8, 368 (1895) eg
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CuF,
NHi m-1115

A solution of cupric fluoride will react with concentrated ammonia.
The resulting liquid is shaken with a mixture of alcohol and ether

yielding an oil like substance. By leaving to dry over potassium

bydrojude in vacuo, after 4 weeks, blue colored crystals are formed.

CuF, + 4NH, + 6H,0^ CuFi-(NH|)r5HtO

E. Behm, 2. aaorg. Chen., 43 , 326 (1905) SS

CuFeSi
S,CU m-1116

Chalcopyrite is decomposed by sulphur monochloride when the

mixture is heated in a sealed tube.

aCuFeSt + 5Stat^ 2CuClt + 2FeCli 4* 7Si

E. F. Smith, J. Am. Cbcm. Soc., 80
, 290 (1893) /

Cu(HCO,),

A in-im

When copper formate in water is heated to 170^, copper crystallises

out and CutO, COt and Hs are formed.

3Cu{HCO,)j + H|0 Cu + CutO + 6COi + 4H,

Ribaa,

Ref., A. Heonioger. Ber., 9:8, 1133 (1876) S$

A
Cu(H,NS04),

ni-1118

There are four difTerent possibilities when copper hydroxyamido-

sulphate is decomposed at high temperatures.

(a) Cu(H,NSO*), N,0 + 2H,0 + 2SO, + CuO

(b) 3Cu(H,NSO,),
2X,0 + 4H,() + 2SOi + 2CuSO, + Cu(HjNSO,),

(c) 3Cu(H,NS04)2
2N, + 2H,0 + 2H,SO, + 2CuS04 + Cu(H,NSO,)t

(d) Cu(H,NS04)i ^ N* + 2H,0 + SO* + CuSO^

E. Divers and T, Haga, J. Chem. Soc. (London), 77:2, 980 (1900) i0$
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e

Cu(H,0)r
in-1119

Id the solution of & hydrated copper salt, the mechanism of the

electrode process may be represented by three reactions: (a) reduction

of cupric ion to cuprous ion; (b) reduction of cuprous ion to metallic

copper; (c) reduction of cupric ion to metallic copper.

(ft) Cu{H,0)r + Cu(H,0)? + (X - y)H,0

(b) CufHiO);- + cr Cu + yHtO

(c) Cu(H,0);-»' + 2e-— Cu + sHtO

Stewart B. WAtklne and Henry G. Denham, J. Cbem. Soe. (London), 116:2, 137$

(1919)

C?Hj

Cul
in-1120

Zl
By passing acetylene into a concentrated solution of cuprous iodide in

potassium iodide, a yellow-orange precipitate is formed, which

becomes red upon washing with a saturated solution of potassium

iodide.

(a) 2CuI + CtH, H- KI (HCtCutI KI + HI)

(b) HC*Cu,I KI HCtCu,I + KI

Bertbolet, Compt. rend., €3, 467 (1866)

Cul
CjHjSCHjCOOH rn-1121

Cuprous iodide and ethylthii^ly colic acid are heated gently and

bensol added. Small, colorless, lustrous crystals of anhydrous ethyl-

thioglycolic acid cuprous iodide separate slowly.

Cul + CiHkSCHiCOOH ^ (Cul) (C,H»SCHtCOOH)

L, Rambeig, Acta Uoiv. Lund. Med. Matem. Katur., N*. S., Vol. 4, Ko. 2, 13

(1908) 10
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Cul
C>H?NCH$I 111-1122

Cuprous iodide and quinoline methiodide react to form the red double
compound listed below.

Cul + CtHiNCH,! ^ C^HtNCHiCuI,

M. Eohn, Mooatob., $9, 919 (1912) /

Cul

II1-1123

Hydrogen sulfide when passed into an aqueous suspension of cuprous
iodide forms hydriodic acid and cuprous sulfide.

2CuI -hH^^Cu,S + 2Hr

George Langbeb, Bv., 7, 766 (1874) jt

Cul
^3 III-1124

The reversible complex salt formation between cuprous iodide and
iodine is studied.

2CuI + I, 2CuI,

K. £lbe» Z. Etektroehem., 23» 147 (1917) $$

Cul
MnOj ni-1126

Cuprous iodide is heated with manganese dioxide.

2CuI + 3MnOi 2CuO + MnjOi + It

T. Schmidt, Cbem. Neva, S7, 66 (1878)

Cul
RbCN m-1128

By saturating a solution of rubidium cyanide with cuprous iodide,

crystals of rubidium cuprous cyanide are obtained.

3CuI + SRbCN RbtCut(CN)t + 3RbI

H. Groaamann and P. v. d. Pont, Z. anorg. Cbem., 48, 94 (1906) £S
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Cu(10,).
in-1127

Copper iodate U dissolved in ammonia and gaseous ammonia is passed

joto this solution. Crystels of deep-blue color are formed.

Cu{I0i)j + 4NHj + 2HtO Cu(IQj)f (NHt)<-2HgO

F. Ephraim and A. Jansen, Ber,, 48» 50 (1915)

Cu(IOi)t (NH,), 2H,0
ni-ii2a

0

When copper iodate tetrammoniate dihydrate is kept in a glass tubing

at 110®, water distills off. On cooling in an ammonia atmosphere

copper iodate pentanunoniate Is formed.

(a) Cu(I0i),(NH,)4‘2H,0 -CuaOOt-4NHt + 2H,0

(b) Cu(IO,), 4NH, + NH,-> Cu(IO»)t 5NHi

F. Ephraim aad A. Jasses, Ber., 44, 50 (1915)

Cul,

Decomp. ***

Cupric iodide decomposes spontaneously into cuprous iodide and free

iodine.

2Cul,-»2CuI + la

p. KlaaoQ, Sv. Kern. Tidsk., 31, 211 (1919)

IlM12d

111-1130

By heating cupric iodide, the result will be cuprous iodide and iodine.

2Cul, ^ 2CuI + Ii

E. OUveri Maxidata, Gazs. chiro. ital., 40, 107 (1910)
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CuKN4C40*Ht

m-1131
Hydrolysis of the complex compound formed in the neutralixation of
Fehling’s solution fives colloidal copper hydroxide which is reduced
to cuprous oxide by reducing sugars:

(a) CuKNaC^OiH, + 2H,0^ KNaC^OiH* + Cu(QH),

(W 4Cu(OH)t 2CuiO + 0, + 4HtO

J. L. Delsal, J. chim. pby«., 36, 314 <1938)

CuNH,
KNHj m-1132

Cuprous amide reacts with potasaium amide in liquid ammonia to give
a precipitate which dissolves in excess precipitant.

CuNH, + 2KNH,^ CuNKt + 2NH, - CKtlCu(NH,),l)

E. C. Frsnldin, J. Pbyt. Chem., 23, 40 (1919)

CuCO,(NH,)*
CO in-ll83

NHj

With occasional agitation, copper carbonate tetrammoniate solutions

with a total copper content of 1 to 5% and not over 1% cupric copper

in the presence of an excess of ammonia become colorless on the addi*

lion of CO (within an hour at room temperature and within less than
ID minutes at 60^).

2CuCO,(NHj) 4 + CO + 2H,0 - (4 - 2n)NH»
Cu,{NH,)i,C0j + 2(NH,)|C0,

W. R. H&insworth and E. V. TiUib, J. Am. Chem. 8oc., 4$. 8 (1921) JS

ChiCO»{NHi)«

Cu m-1134

After cupric ammonium carbonate solution bad been prepared by
agitating, in air, ammonium carbonate and ammonium hydroxide, the

air was turned off and the solution mixed until the cupric copper was
reduced.

CuCOi{NH,)4 + Cu - (4 - 2n)NHj (CuCOi(NHi)O,

W. R. Haiaswortb aod E. V. Titus, J. Am. Chem. Soc., 43: 1, 1 (1921) IS
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Ot

Cu(NH,)Cl
in-1136

yHien oxygen is passed thru a solution of cuprous ammonium chloride,

there is formed a complex addition compound and cupric oxide which

remains dissolved in the excess ammonia.

4Cu(NH,)C1 + 0, + 3HtO

P. p, Deberaia, Compt. rend., 56, 809 (1862)

c

Cu(NO,),
in-1136

The products formed by the electrolysis of copper nitrite solution

may be explained by (a) the formation of a cupric anion Cu(NO«)r^

.

(b) the decomposition of this ion, and (c) the slow decomposition of

undissociated nitrous acid.

(a) Cu++ + 6N0r Cu(NOi);

(b) 2Cu(N0,); + 3H+ + H,0 Cu(NOi)r CuO + lOHNO,

(c) 3HN0t HNO, + 2N0 + H,0

P. Jeffery, Traot. Panday Soe., 16, 457, 709 (1920)

A
Cu(NO,),

ni-1137

When a solution of cupric nitrite is evaporated under diminished pres-

sure, nitric oxide is evolved and a residue of copper oxide and copper

nitrate is left.

3Cu(NO,)t Cu(NO»), -I- 2CuO + 4NO

P. C. RSy, J. Cbem. 8oc. (London), 91:2, 1405 (1907) 10$
10S

CuNOi
K2S III-1138

The titration of copper as sulhde can be done by the conductivity

method in solutions containing at least 0.02 gr. of metal per litre and

slightly acidified with acetic acid.

2CuNO, + ^ + 2KNO,

P. Dutoit and G. von Wetase, J. Chim. pbys., 9, 608 (1911) 00
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Cu(NO,),
Ag m-llS9

c

Wben a solution of copper nitrate is electrolyzed in a solution with
a silver anode, a copper-silver alloy is deposited on the cathode.

2Cu(NO,), + 6Ag 2CuAg + 4AgNO*

J. W. RicbardSi Traoa. Am. El. Cbem. Soc., 5, 93 (1904) $

Cu(NO,),
CHiCOONa ni-1140

When hot solutions of copper nitrate react with sodium acetate, a

blue-greenish precipitate of basic copper nitrate is obtained.

4Cu(N0i)i + eCHjCOONa + 3HtO
Cu(NOi)« 3CuQ + 6NaN0i + 6CH,COOH

W. CMsalmaQD, Z. anU. Cbem., 4 , 24 (18AS) U

Cu(NOi),
CtHisONsS in-1141

Copper nitrate reacts with b-cyclohexanone-Z-thiohydantoine, yield-

ing a black precipitate.

6Cu(N0i)t + 5C«H„ON^
-> (CfHipQN|SCu)i Cu(NOO> + lOHNO*

I. V. Dubflky, V. Liad«lar and V. Cemak, Mikrocbem., 25, 124 (1988) S8

Cu(NO,)t

Fe III-1142

By the addition of pure iron to a solution of a soluble salt of copper,

copper may be obtained in its pure metallic state.

(Fe + Cu(NO,),-^ Fe{NO,)i + Cu)

C. Blschof, Cbem. News., 8, 133 (1863) lOI
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HCl

Cu(NO*),
nM143

Cupric chloride was obtaioed by evaporating a solution of cupric

nitrate to a small volumCj adding 5 cc of concentrated hydrochloric

^(;id, and evaporating to dryness on a steam bath.

Cu(NOi), + 2HC1 ^ CuClt + 2HNO,

Bosee and Febder, J. Am. Pharm. A«an., 29, 141 <1940) IIB

Cu(NO,),
IIM144

Hydrogen when passed thru a solution of copper nitrate reduces

it to copper nitrite.

Cu(NO»)i + 2H, Cu(NO,), + 2Ht0

R. Geratl, Ber., $, 1424 (1873) n
Ref., W, J. UuwU, J. Chem. 9oe. (London), 27, II (1874) 4B

Ki

HNO}

Cu(NO,)i
1IM145

Nitrous acid ^^as prepared by reducing cupric nitrate to cupric nitrite

with hydrogen then is displacing it with nitric acid.

(a) Cu(NO,), + 2Ht - Cu(NO,), + {2HtO)

(b) Cu(N0,), + 2HNO, 2HNO, + (Cu(NOj)j)

V. H. Veley Trans. Hoy. Soc. (London), 182. 314 (1891) lOS

Cu(NO,),

KI m-1146

Iodine is liberated when a slightly alkaline solution of cupric nitrate is

treated with an excess of potassium iodide crystals.

2Cu(NOi)* + 4KI 2CuI + 4KNOj + It

E. W. Rockwood, J. Am. Cbem. Soc., 39, 2746 (1917) 1
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ENHs
Cu(NO,)t

m-1147
Black cuprous nitride is formed when the olive-green cuprous com-
pound which is obtained by the reaction of potassium amide on copper
nitrate is heated for a considerable time.

3Cu(NO,), + 6KNH1^ Cu#N H- 6KNO* -I- 4NH, + N
F. P. Fitsgersld, i. Am. Chem. 8oe.. SO, 059 (1007)

SjCrOf
Cu(NO,),

104148
When a solution of copper nitrate is mixed with one of potassium
chromate only the normal chromate is formed:

(KjCrOi 4* Cu(NOi), -4 CuCrO« + 2KN0|)

P. B. Pelletier, L. Qoutier and P. E. GagnoD, Can. J. Ret., B14, 37 (19381 5P

Cu(NOi),
KfTeOi ni-1149

When a solution of copper nitrate is treated with a solution of potas-

sium, tellurate green copper tellurate is produced, which when boiled

with water is converted into copper orthotellurate.

(a) Cu{NO,), + K,TeO, CuTeO* + (2KN0|)

(b) 3CuTe04 + 2H,0 CuaTeOe + {2H,Te04)

E. B. Hutchins. J. Am. Chem. Soc., 87, 1181 (1906) /

Cu(NO,),

in-1150

Crystals of copper nitrate tetrammoniate are formed when ammonia
gas is passed into a solution of copper nitrate.

Cu(NOi), + 4NH4 -4 Cu(NQ4)t 4NH4

F. F. Fitzgerald, J. Am, Chem. Soc., 89, 657 (1907) /

Ref., Frits Ephraim and Edward Bolle, Ber,, 48, 1770 (1916) t$
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Cu(NO,).

NftfCO)
UM161

Basic copp«r carbonate is produced by pouring a cold saturated solu-

tion of copper nitrate into an ice cold solution of sodium carbonate.

3Cu(N0,)* + 3NatC0, + H,0
2CuCO, Cu(OH)i + (6NaNO, + CO*)

A. C. Neiah and J. W. Burns, Can. Chain- & Mat.. 5, 73 (1921)

Cu<NO,),

Ka»S 1II-1162

Copper nitrate is transformed to copper sulfide by its reaction with

sodium sulhde.

(Cu(NOi), + NajS CuS + 2N8NO,)

C. Kuoasli Cham. Newt. 3, 33 (1S63)

Cu(NO,),

Pb(NOi)i

NH.NO3

Kal^O,

m-1153

Black crystals are obtained when a solution of copper 11 nitrate and

lead nitrate reacts with a solution of ammonium nitrate and sodium

nitrite.

Cu(NO,)* + Pb(NO,), + 2NH*NO, + 6NaNO,
^ Cu?b(NH4)t 6NOt + 6NaNO,

C. Prsibyila, Z. anorg. Cbem., 16, 419 (1S97) $$

Cu(NO,),

ni-1164

Copper nitrate reacts with sine sulfide to produce solid copper sulfide.

(Cu(NO,)» + ZnS -4 CuS + Zn(NO,),)

C. Eunael, Cham. News, S, 38 (1863)
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A
Cu(NO0,

in-1165
BlectroJyUc copper converted into nitrate was carefully ignited. It
was completely converted to the oxide.

2Cu(NO,),^ 2ChiO + (4NO, + OO
C. R. Wrifht Bod A, P. Luff, J. Cbem. Soe. (London), U, 7 (1878)

Cu
Cu(NOi)r4NH,

in-1166
The corresponding cuprous salt forma when dried cupric nitrate tetr-
ammoniate ie treated with copper foiJ and ammonia under preeaure.

Cu(NOi),-4NH, + Cu ^ 2(CuNO, 2NH,)

W. H- Slotn, J. Am. Chem. Soc., 83. 973 (1910)

Cu(NOi)t 4NH,
ni-1167

Cupric nitrate ietrammonlate reacts with potassium amide to form
amrooniated cuprous nitride and this compound in turn reacts with
an excess of potassium amide to form potassium ammonocuprite.

(a) 3Cu(NO,),‘4NH, + 6KNH,
-» Cu»N • dNHi + 6KNOi + (16 - n)NHj + N

(b) CuiN nNH, + 6KNH, + (5 - n)NHt^ 3CuNK, 3NH,

E. C. FrsnkiiD, J. Am. Chem. Soc., $4, 1505 (1912)

Cu(NOt)*-4NH,
K:Hgl4 m-1168

Cupric nitrate ietrammoniate will react with a 10% solution of

potassium mercuric iodide yielding a crystalline precipitate of green

color.

Cu(NO,),‘4NH, + 2K,HgI, Cu(HgI>)f4NH, + 2KNO, + 2KI

A. Tauriua, Z. anal. Cbem., 97, 29 (1934) gg
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Cu(NO,)r4NHi
in-1169

Copp^ nitrate hexammoniate is obtained when copper nitrate

teirammoniate is reacted upon with ammonia gas at low temperature.

Cu(NO,), 4NH, + 2NH, Ou(NO>)r6NHi

Frit* Ephraim and Edward Bolle, Ber., 48, 1770 (1916)

CuNaC40,H,
in-1160

The addition compounds formed in the neutralisation of Fehling’s

solution by sodium hydroxide ere partly hydrolysed

:

(a) CuNaC^OiH, + H,0^ CuCiO^H* + NaOH

(b) CuNaKCiOiH, + H,0 ^ CuKCAH, + NaOH

J. L. DaluJ, J. Chim. phya. 86, 614 (1938)

CuO
C

SiO,

Copper oxide, if fused with silica and carbon, yields a silicide:

3CuO + 6C + SiOi CuiSi + SCO

K. NiBcbk, Z. Elcktrochem., 29, 383 (1923) 86

CuO
CHJ ra-1162

Methyl iodide vapor acts on heated cupric oxide to yield cuprous

iodide without liberation of iodine.

CHjI + CuO ^ Cul + ?

H. G. Denham, J. Chem. Sen;. (London), 111, 29 (1917) 87
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CuO

m-nea
Cupnc oxide is reduced to copper if it is heated with calcium carbide.

CuO + CaCt Cu + CaO + 2C
(W 4CuO + 2C 4Cu + 2COj
(c) 6CuO + CaCt^ 5Cu + CaO + 2C0|
F. V. Kngfilgtn, 2. E]ektroch«in., 7, 562 (1901)
....... S$

CaCl
CuO

nMl64
In converting the oxide of copper to the chloride, the ore is pulverized^d brought into contact with calcium chloride. A stream of highly
heated air is then passed through it.

2CaCl, + 4CuO^ 2CaO + 2Cu,CJ, + 0,
Whelpley aad 8t«r*r, (Chem. News, J, 106 (1867))t

jgj

CuO

m-ii66
When molecular proportions of copper oxide and calcium hydride are
intimately mixed and fired by a fuse or taper, a very vigorous reaction
occurs as fol Ion’s:

2CuO + CsH, 2Cu + CaO + H|0 + A
F. W. Perkin and L. Pratt, Traoa. Faraday 8oe.. 9, IS2 (1007) gg

Cu

NH4CI

An addition product of cuprous chloride with ammonia is formed
when ammonium chloride is boiled with cupric oxide and an excess of
copper. This is often mixed with a cuprousMSupric chloride ammonia
addition compound.

(a) 2CuO + 4Cu + 2NH.C1 + 2H,0
-» (CuCl),NH,.2H,0 + Cu,0 + NH,(Cu,CI,)

(b) 6CuO + 4Cu + 6NH.CI + H,0
'

-» 2(CuCls CuCl NH,-2HtO) + 4NH, + aCujO
P. P. Deherain, Compt. rend., 55, 808 (1862)

CuO
ni-1166
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CuiO

CuO
ni-1167

CuO CuSOi

lo an investigation of the catalytic activities of CuO, and SiOs

the monovariant equilibrium below is shown to determine the

efficiency.

CujO + CuO CuSO« £5 4CuO + SO*.

B, KcumAui, C. Kr6g«r, and R. Iwaoowftki, Z. Elekirocbem., il, S34 (1935) S6

CuO
Fe nM166

Cupric oxide reacts with iron when heated to form FeO.

(a) CuO + Fe — FeO + Cu

(b) 2CuO + Fe FeO + CujO

K. Kauts, J. Am. Cer. 80c.. 31. 313 (1938) 16

CuO
FeCl« in-1169

When cupric oxide and ferric chloride are heated together, ferric oxide

and cupric chloride are formed.

3CuO + 2FeCI, FeiO, + 3CuCJ*

P. KlaaoQ, Sv. Kem. Tidsk., 29, 192 (1917) tO

CuO
FeO in-1170

At high temperatures cupric oxide reacts with FeO as follows.

2CuO + 3FeO FejO* + Cu,0

K. Kauts, J. Am. Car. Soc., 81. 313 (1938) 16

CuO
FeS04 IIM171

Cupric oxide is dissolved by ferrous sulfate solutions to form copper
sulfate, ferric oxide, sulfur trioxide and hydrogen.

CuO + ZFeSO* + ^ CuSO* + (Fe,0, + SOa) + Hj

N. 8 . Keith, Trans. Am. £3. Chem. Soc., 1, 137 (1902) g
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CuO
Fej(SO0»

m-ll72
Ferric sulfate solutions dissolve copper oxide to form copper sulfate
and precipitate ferric oxide.

3CuO + Fe,(S04)i^ SCuSO. + Fe,0,

N. S. K«ith, Traa$. Am. El. Cbem. Boc., 1 , 137 (1902) a

CuO

.

m-1173
Curpic cyanide, which is very unstable, can be obtained in a state of
purity by treating freshly precipitated cupric oxide with hydrocyanic
acid.

CuO + 2HCN Cu(CN), + H*0 (“CNCu*’)

29
A. LaUemtnd, Compt. read., $9, 760 (1S64)

HCOOH
CuO

104174
If copper oxide is boiled with formic acid and the solution filtered
and cooled, fine blue crystals of copper formate are deposited.

CuO + 2HC00H + 4H,O-*Cu(HCO0),4H,O + (H.O)

F W. Clark, Science, 1, 67 (1888) 78

CuO
m.ii76

Cupric oxide was dissolved in hydrochloric acid, forming cupric chlo-
ride and water.

CuO + 2HC1 ^ Cuat + (HtO)

H. Debue, Traai. Roy. Soc. (Loadoa), 178, 640 (1882) jog

HCl
CuO

014176
Cupric oxide may be transformed into cupric chloride by treatment
with hydrochloric acid.

CuO + 2HC1 ^ CuCl, + H,0
Win, (Mling, Chem. News, 28, 211 (1871)
Ref., Greenwalt, J. Ind. Eog. Chem., 2, 655 (1910)
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CuO

HI
in-il77

Cupric oxide dissolves rapidly io liquid hydriodic acid liberating

iodiDC.

CuO + 2HI Cul, + H,0

(b) 2CuIt Ouili + Ij

R. 8- Norrifl and F. G. Cottrell » Am. Chein. J., II, 99 (1896) /

CuO
HNOj Ill-im

Cupric oxide was dissolved in nitric acid, forming cupric nitrate and
water.

CuO + 2HN0, -4 Cu(NO,), + (HiO)

H. Debua, Trana. Roy. So«. (London), 173, 539 (1882) JOS

CuO
Bi IU-1179

Copper may be formed by the reduction of pure cupric oxide by
hydrogen.

(CuO + H,^Cu + HtO)

Berfeliua, Pogg. Ann., I, 177

Ref., T. W. Richards, Am. Chem. J., 10, 182 (1887) I

CuO
Hj IIM180

Finely divided cupric oxide is ignited in an atmosphere of hydrogen
to give pure metallic copper.

(CuO + H, Cu + H,0)

W. Gibbs, Chem. News, 2, 258 (1868) JOJ
Ref., J. P. Cooke and T. W. Ricbarde, Am. Chem. J., 10, 90 (1888) I?
Ref., J. L. St- John, J, Phys. Chem., 33, 1439 (1929) 86
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CuO
Hs in-1161

CO

Powdered copper is obtained when cupric oxide is reduced in a current
of hydrogen or carbon monoxide.

(a) CuO + H,^ Cu + HjO
(b) CuO + CO Cu + COt

P. Sabatier and J. B. Sendereoa, Ann. ebizn. phya. [7] (A)» 7, 309 (1896)

Ref., Tartar and Semen, J. Am. Cbem. Soc., 48, 494 (1921) t

CuO
RaPr m-llS2

Blue colored crystals of acid copper fluoride are obtained by leaving a

concentrated solution of copper oxide in hydrofluoric acid in vacuo

over sulfuric acid.

CuO + 7HF + 4HtO CuF> (HF)t>5H,0

E. B6bm. Z. anorg. Chem.. 48, 326 (1905) 83

CuO
HiSOi m-llS3

Sulfuric acid dissolves CuO to form copper sulfate.

CuO + HtS04 CUSO4 + H,0

N. S. Keith, Traxu. Am. El. Chem. 80c., 1, 137 (1902) 8

CuO
HsS04 in-1184

Sulfuric acid reacts with copper oxide forming water and copper

sulfate.

H,S04 + CuO -r H,0 + CUSO4

Greenwalt. J. Ind. Eng. Chem.. 2. 555 (1910) 88
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1II-11S6

MoOi

HF
Copper fluoxymolybdate is obUined by ^ssoWng copper

mdybdenum trioxide in hydrofluoric scid. After a few days blue

crystals are formed.

CuO + 4HF + MoO, + 2H,0 ^ CuFv MoOtF>'4H>0

F. M«inro, Z. anorg, Chtm . 2, 25 (1892)

CuO
1114186

NHjOH
Hydroxylamine may be determined by use of Fehling’s solution.

2NH,OH + 4CuO ^ N,0 + 2Cu,0 + (NO) + 3H,0

W, M«yepiafh»

Ref., Z. aoal. Chem„ 18, 345 0379)
^

Ref., J. Am. Chem. Sot*., 1, 347 <I77A>

CuO
I1I4187

NH,OH

When hydroxylamine is reacted with cupric oxide, cuprous oxide,

nitrous oxide and water are formed.

2NHtOH + 4CuO ^ NtO + 2Cu*0 + 3H«0

H. 0. Jonee and F. W. Carpenter, J- Chem. Soc- (London), SS, 1395 (1903) ^08

CuO

NH4COOH

HCOOH

1114188

A strong solution of ammonium formate is prepared. Another solu-

tion made by adding 30 gma of NH4COOH to lOcc. water is prepared.

Copper oxide is mixed with the second formate solution and enough

of the first solution added to form a deep blue color. This solution is

diluted with half its own volume of the first formate solution, and

then with about 10 times its volume of alcohol. Formic acid is then

added until the solution turns green and colorless crystals are

deposited.

(a) CutO + 2HCOOH + 4NH40H^Cu,(00CH)r4NH, + SHjO

(b) Oii{OOCH),«4NH*^ Cui(0,CH), + 4NHi

A. Angel, J. Chem. See. (London), 89:1, 347 (1906)
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CuO
NHJ m-llSd

The reaction of copper oxide and ammonium iodide at 400®C. may be
represented as follows.

2CuO + 4NHJ ^ 2CuI + 4NH| + I, + 2H,0

Earle R. Caley and M. Gilbert Burford, Anal. Ed., 8. 114 (ld36) lA

CuO
(NHi)tS

Ammonium sulfide solution reacts with copper oxide to form cuprous
sulfide, ammonia, water and sulfur.

2CuO + 2(NH0£ Cu*S + 4NH, + 2HtO + S

Karl Reumaon, Ber., 6, 752 (1873) if

Kef., Gass. cbim. ital., 6, 203 (1876) Sf

CuO
(NHOtS. in-1191

Cupric oxide is added to 3^1iow ammonium sulfide. It reacts to

form cuprous sulfide.

2CuO + 2(NH4)A Cu^ + 4NHi + 2H,0 + S.

K. Heumanc, Aon., 178, 31 (1874) iO

CuO
(NHJsSz m-

Copper oxide in contact with ammonium polysulfide (deep 3re]]ow)

forms a pink double compound of cuprous sulfideandammonium liexa*

sulfide.

(a) 2CuO + {NH,),Sx Cu,8 + (NH4)^x - 1 + (OJ

(b) {Cu£ + (NH*)^i Cu^ - (NHOtSi)

E. Priwofnik, Ber.. S, 1293 (1873)

ni4192
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in-1193

S0CI2

Cupric chloride is formed when cupric oxide is heated at 200" for

several hours with thioDyl cUoride m a sealed tube.

CuO + socij- CuClj + SO»

H, B. North »nd A. M. Hogemui, J. Am. Chem. Soe., 85, 356 (1913)
»

SO:

CuO
III-1194

Sulfur dioxide dissolved in absolute alcohol reacts with cupric oxide,

producing a green powder insoluble in water.

4CuO + SOt + 7H,0 ^ (CuO)rSOr7HiO

MilloB and Commaille, Compt. reiid-» 67, 822 (1863)

SOi

OlO
in-1195

Cupric oxide, when heaUd in a stream of sulfur dioxide, reacts to form

cuprous oxide and cupric suifate. \Vhen the reaction products are

heated longer at red heat, sulfur trioxide is evolved.

(a) 3CuO + SO, Cu,0 + CuSO*

(b) 2CuSO, + SO, Cu,0 + 3SO,

D. L. Hamwick, J. Chem. Soc. (London), 111, 384 (1917)

SOi

CuO
m-1196

0 ,

When cupric oxide is heated in the presence of sulfur dioxide and air,

cupric sulfate is formed.

2CuO + 2SO, + 0,^
R Klason, 8v. Kern. Tldsk., 29, 192 (1917)
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CuO
Zn

HCl
m-1197

When an intimate mixture eonsiaUng of 14.2 parts of cupric oxide and
7 parts of sine powder are added in small portions to concentrated
hydrochloric acid, cuprous chloride is formed.

2CuO + Zn + 4Ha 2CuCl + ZnCli + 2H,0

Karl H^ummii, 7, 731 (1874)

CuO
m-1198

When heated, cupric oxide decomposes into cuprous oxide and
oxygen. If oxygen is removed, the reaction proce^ to completion
from left to ri^t.

4CuO ^ 2CutO + Ot

K. Kautz, J. Am. C^. Soe., 81, 313 (1838) 18

CuO
A in-1192

Cupric oxide is transformed into cuprous oxide by heating at 1000^

in an inert atmosphere:

4CuO -» 2CuiO + Oj

C. Store, J. Chim. phys., 88, 188 (1833) 8$

CuO
E,COt m-1200

Electrolytic copper converted into nitrate was boiled with freshly

fused potash and invert sugar and the precipitated red cuprous oxide

washed with distilled water. The product was 99.7% pure.

(a) Cu + 4HNO,^ Cu(NOi)i + 2NO, + 2H,0

(b) 2Cu(NOi)z + 2K,COi ^ + 4KNOi + 2CO, + 0

C. R. Wright and A. P. Luff, J. (Them. Soc. (LoadoD), 88, 7 (1878) 8t
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CuO
rn-1201

Levuliflic acid

A hot aqueous solution of levulinic acid is saturated with cupric oxide,

filtered and concentrated. The precipitated copper levulinate is

washed with alcohol and recrystallized from 91% alcohol.

2C<HiOCOOH + CuO ^ {C4HiOCOO)iCu + HsO

A. GroU, E. Kehrer and B. ToUen*. Ann., 806, 218 (1881)
^ ^^

F6s(S04)4

CuOH
in-1202

H,SO«

Cuprous hydroxide reduces ferric aulfaU in the presence of sulfuric

acid.

2CuOH + Fe,{S0,). + HiSO, ^ 2CuS04 + 2FeSO. + 2H,0

Mesde, J. Am. Cbem. Soe., 610 (1898)

Ref., J. Am. Cbem. See., 87, 1285 (1905)

EMn04

CuOH
in-1203

Cuprous hydroxide is oxidised to cupric hydroxide by potassium

permanganate in alkaline solution.

8CuOH + 2KMn04 + 5HtO - 2KOH + 8Cu(OH), + MnsOi

S. W. Parr, J. Am. Cb«n. See., 88, 687 (1900)

CuOH
NH*SCN III-1204

Dissolve the precipitated cuprous hydroxide in a very small amount of

ammonia. By adding a concentrated solution of ammonium

thiocyanate, a white powder is obtained.

2Cu(OH) + 2NH4SCN (>i»(SCN)t 2NH> + 2H 2O

T. W. Richurds and B. S. Mcrigold, Z. ano^. Cbem., 17, 245 (1898) 2$
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Cu(OH)i
CiHTBrCOOH til'1206

A coQcentrated aqueous solution of alpbabromoisovaleric acid is

digested with excess cupric hydroxide, the solution filtered and the

residue digested with absolute alcohol. Filter and reduce alcohol to

small volume by distillation. Crystals of cupric alpbabromoiso-

valerinate form.

2C»HiO*Br -h Cu(OH)i {C*H70,Br),Cu -f 2H,0

B. SehJeieher, Ann., 867, 117 (1882) fo

Cu(OH),
CeH40H COONa m-1206

Green crystals of copper sodium salicylate are formed when copper

hydroxide is dissolved in sodium salicylate.

Cu(OH)» -f 2CtH4 OH > COQNa CuO,(CiH4COONa)i + 2H,0

I. Wolff, Z. anal. Cbom., 40, 450 (1901) t8

Cu(OH),
HNt nM207

NH4OH

Dark green transparent crystals are formed when the green precipitate

formed by treating copper hydroxide with triasoic acid is washed with

strong ammonium hydroxide.

(a) (2Cu(OH), -I- 4HN, - 2CuNi(5H,0 -f 0))

(b) CuN* -I- 2NH4OH ^ CuN« 2NH, -I- (2H,0)

L. M. Dennis and H. Uham, J. Am. Cbem. Soe., 89, 216 (1907) i

Cu{OH),

j

ni-1206

Copper fluoride is formed when cupric hydroxide is dissolved in

hydrofluoric acid.

Cu(OH), -h H,F, CuF, + 2H,0

F. H. Edmiater and H. G. Cooper, Am. Cbem. Soc., 48, 2424 (1920) I
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in-1209

Finely dispersed copper hydroxide is oxidised with 15% 30%

hydrogen peroxide at Brown colored copper peroxide is obUmed,

provided the solution was neutrsl.

Cu{OH)» + HfOt ^CuO| H,0 + HjO

L. Moser, Z. aoorg. Chen., M, 121 (1907)

Cu(OH),

H2Pt(C,O0t

Cupric hydroxide (or carbonate) treated with platinoMSxalic acid

yields small, rod-like, dark grayUh-brown crystals of hcxa-hydrated

cupric platino-oxalate.

Cu(OH)i -h HiPt(Ci04)i + 4HtO-»CuCt0i PtCjO4*6H,O

H. G. Ssderbaum, K. Sven. Vet. Ak. Hand!. Overe., i%, No. 10, 35 (1385)

UI-1210

Cu(OH),

H,SeO.

Copper hydroxide dissolves in selenous acid. At ordinary tempera-

ture grayish blue, di-hydrated copper hydrogen selenite is obtained.

This, when heated under water, becomes green and changes to the

normal salt.

' (a) Cu(OH), + 2H,Se0,-»CuSe0, H,8e0, H,0 4- H^O

(b) CuSeOj* H^eOj CHjO) ^ CuSeOi -h HtSeOj H- HsO

L. F. NUbod, K- Sven. Vet. Ak. Handl. Overa., 81, No. 1, 42 (1374) 10

KBt

Cu(OH),
III-1212

Copper hydroxide reacts with a solution of potassium bromide

yielding oxygen.

(a) 3Cu(OH)* 4- 2KBr CutBr, Cu(OH)vH*0 4- KjOj-HiO

(b) K*0, HjO 2KOH + 0

W. Spring and M. Lucion, Z. anorg. Chem., 8, 218 (1892) 2S
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Cu{OH)t
2NE3OHH35O4 in*1213

A light green solution is formed when cupric hydroxide is dissolved

in hydroxylamine hydrosulfate.

2Cu(OH), + (NH,0H), H,S04 CutOSO* 2NHtOH + 3HtO

M, Adftma &Qd E, Overmen, J, Am. Chem. 80c., 91, 639 (1909) j

Cu(OH),
NHj m-1214

HCOOH
Formic acid is quickly changed to carbon dioxide when heated to 150^

in a sealed tube in the presence of ammoniacal copper (hydroxide).

(a) HCOOH + 2Cu(OH), + 2NHi
CutO + 2HtO + H,COi (NH,)a

(b) COiH,(NH,), + CuaO + 0 (CuCO, 2NH,) + Cu(OH)a

(c) CuCO,(NH,), CO, 4* CuO + 2NH,

P. Csteaeuve, J. Am. Chem. Soc., i, 490 (1876) /

Cu(OH),

NH, IIM2i6

(NH*),S04

Cupric hydroxide reacts with ammonium sulfate and ammonia to

form water and copper*sulfate tetrammoniate.

Cu(OH), + 2NH, + (NH4)^04 -^CuS04 4NH, + 2H,0

H. M. D&WBoa, J. Chem. 80c. (London), 96:1, 374 (1909) i0$

Cu(OH),

(NHOJ, m-iaie

Blue crystals are formed by the reaction of copper hydroxide and

ammonluni fluoride. Copper hydroxide dissolves in hot ammonium

fluoride and the excess water has to be evaporated.

Cu(OH), + 2(NH4)J,^ CuFr(NH4)tF, + 2H,0 + 2NH,

H. V- HelmhoU, Z. anorg. Chem., 8, 115 (1893)
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IIM217

*”°i^raonium sulfate reacts with cupric hydroxide to form ammonia,

water, and a basic copper sulfate salt.

2Cu(OH), + (NH,).SO.-Cu,(OH),SO« + 2NH. + 2H,0

H. M. D»w»on. J. Chero. Soc. (Uodon), 9e:l,374 (1909)

Cu(OH),
in-1218

NaOH

(NH.OH)
^ „ ,,

Crystalline cupric hydroxide, when treated with concentrated alkali

solutions at room temperature or shaken with aqueous ammonia

at 25*, is converted to cupric oxide.

Cu(OH)t + NaOH -• CuO + HjO + NaOH

A. }. AUmand, J. Chem. Soc. (London), 97, 603 (1910)

Cu(OH).

NajCj(iH»Br»0»

A suspension of copper hydroxide on standing in contact with an eosin

suspension may produce (1) an amorphous lake of undefined composi-

tion, or (2) a crystalline product corresponding to the copper salt of

an acid eosin, or (3) a mixture of (1) and (2);

Cu(OH), -I- Na.CMH,Br.O, -• CuCwH.Br.O, -|- 2NaOH

H. K. Oabert, J. Phys. Chem.. 1$, 586 (1914)

IIM219

Cu(OH),

p.Aminophenylalanine
^ “

A not too dilute, hot aqueous solution of p*aminophenylalanine is

treated with copper hydroxide, the solution filtered and concentrated.

Crystals of cupric p^aminophenylalaninate separate.

2CeH„NtCOOH + Cu(OH),— Cu(CaH„NtC00)i + 2H,0

E. Erlenmeyer &nd A. lipp, Ann., 219, 223 (1883)
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Cu(OH),
l-Amino-n-Taleric acid 111-1221

A dilute aqueous solution of l-aminO'S-valeric acid U heated with an

excess of copper hydroxide, filtered and concentrated on the water-

bath. Crystals of cupric l-amino-n-valerinate separate.

SCiHsNHjCOOH + Cu(OH)t^ CuCC^HtNHiCOO), + 2H,0

A. Lipp, Ann., 211, 362 (1883) $0

Cu(OH)t
Glutamic acid 1II-1222

A boiling saturated aqueous solution of glutamic acid is treated with

cupric hydroxide as long as it dissolves. The solution is diluted with

hot water until all of the crystals are dissolved, then the solution is

filtered and cooled. Cupric glutamate crystallises with two and one

half HiO.

C,HjNH,(COOH), -h Cu(OH),-» CuCiH»NH,(COO), + 2H,0

P. Hofmeiflter, Ann., 166, 22 (1877) fO

Cu(OH)t
Glycerol ni-1223

Id a determination of glycerol an addition compd. is formed in dil.

alcoholic soln, then the addition compd. is determined in aliquot por-

tion by reaction in acid soln, with potassium iodide, the liberated

iodine being determined by titration.

Cu(OH)t -h NaOH + CH,OHCHOHCH|OH
-CuNa(CiH|0,) 3HOH

Bertram and Rutgers, Ree. trav. Onm., 57, 681 (1938)

Ref., Oil and Soap, 16, 1, 19, (1939) iii

Ox{OUh
Leucine in-1224

A boiling saturated aqueous solution of leucine (alpha amino iso-

caproic acid) is treated with cupric hydroxide as long as it dis-

solves. The solution is diluted with hot water until all of the crystals

dissolve and then filtered. Crystals of cupric leucinate deposit as the

solution cools. The salt crystallises with two HtO.

2C6H„N0, -h Chi(OH), Cu(C.H«NO,)t + 2H£0

F. Hofmcister, Ann., 169, 16 (1877) iO
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ni-1226
Tyrosine . . j j

A hot aqueous solution of tyrowne is treated with cupric hydroxide,

filtered and concentrated over sulfuric acid. Crystals of cupric

tyrosinate are formed.

2CiHhNOCOOH + CulOH), -» Cu(C,Hi^OCOO)5 + 2H,0

E. Erlerxmeyer and A- LipP» Ann., 219, 176 (1883)
iO

HCl

CuOrHjO
nM226

With dilute hydrochloric acid, monobydrated copper dioxide gives

cupric chloride, hydrogen peroxide, water, and a small amount of

oxygen.

(a) CuO, • H,0 + 2HC1 CuCU + H,0 + HiOt

(b) 2Cu0i H,0 + 4Ha 2CuCU + Oi + 4H,0

C. WdlUien, Coinpt. rend., 63, 620 (1866)

Cu(PO,),

(NH4),S
in-1227

When copper metaphosphate is treated with ammonium sulfide with a

small excess of ammonium hydroxide, ammonium metaphosphate and

copper sulhde are formed.

Cu(POi), + (NH0*S 2NH4(P0,) + CuS

I. J. MoUkehaosen, Trans, Am, El. Chem. Soc-, 4, 40 (1903) ^

HsS

CuPjOi
IIM228

A fine powder of copper metaphosphate is treated with a solution of

hydrogen sulfide for 16 hours. The filtrate of the copper sulfide con-

tains metaphosphoric acid.

CuPjOi + H»S ^ CuS + 2HPO»

F. War$chauer, Z. ano^. Cben., 36, 137 (1903) 28
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CuPt(CN)*
CaO m-1229

Calcium platinocyanide is prepared by boiling a suspen^on of calcium
oxide and copper platinocyanide.

CuPt(CN)< + CaO CaPt(CN)4 + (CuO)

L. A. Levy, J. Chtm. Soc. (LondoD), 9), 1448 (1008) sr

CuS
AgNO, m-1230

Cupric flulfide is immediately decomposed by the addition of a
solution of silver nitrate.

CuS + 2AgNO, Ag^ + Cu(NO»)*

A. RdaiiDf, Z. acorg. Cbem., 88, 407 (1000) g8

CuS
CaO m-1231

C
Copper sulfide mineral (or impurity) may be desulfurized by
treating in the fused state with lime and excess carbon. An equilib-

rium exists in the distribution of S between metal and flux.

CuS + CaO + C ^ Cu + CsS + CO

B. Bositcb, Traos. Faraday Soc., 80, 139 (1924) 8$

CuS
ENOi in-1232

Cupric sulfide was dissolved in nitric acid, forming cupric nitrate

and hydrogen sulfide. The hydrogen sulfide formed will be oxidized

by the acid and the reaction is written for oxidization to sulfuric

acid; nitrogen dioxide and water are also made.

(a) CuS + 2HNO» Cu(N04), + (HtS)

(b) H,S + 8HNO, (8NOt + 4H,0 +
H. Oebufl, Trans. Roy. Soe. (Loadoa), 178, 839 (1882) lOS
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HNO
IIM233

Copper aulfide was dissolved by pouring several portions of boiling

25% pHric acid through the retentive filter upon which it bad been

collected after precipitation by hydrogen sulfide. The filtrate con-

taining copper nitrate was analysed micro-colorimetrica!ly.

CuS H- 2HNOi -* Cu(NO*)i + H,S

fiosee ADd Fehd«r, J. Am. Phaxm. Amm., 141 (IWO)

IIM234

Hydrogen reduces cupric sulfide to cuprous sulfide at red heat.

2CuS + H, - Cu£ + (KS)

Karl Heumana, Ber., 4, 749 (1873)

NtiCO,

Sodium thiosulfate is a product when covellite is heated with 10%

sodium carbonate in a sealed tube filled with carbon dioxide for 22

hours at 180*.

(a) 8CuS + 3NajCO, 4Cu,S + 2Na,S + NajSsO, -f- 3CO,

(b) 2CuS + Na,S CxiS + Na^Sj

H. N. Btokefl, J. Am. Chem. Soc., 29, 313 (1907)

IIM235

SOCU IIM236

Copper chloride is produced when copper sulfide is heated with thionyl

chloride at 150* in a sealed tube.

CuS + 2SOC1, CuCl: + SO- + S*CU

H. B. Xoith and C. B. Conover, J. Am. Chem. Soc., 87, 2489 ^1015) I
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CuS
III«1237

Copper suJfide is dissolved in a sulfuric acid solution and electrolyzed

to form metallic copper and sulfur which in turn reacts with the

hydrogen formed to yield hydrogen sulfide.

(a) Cu»8^ 2Cu + S

(b) S + H,^H,S

A. T. Weightman, Trans. Am. E3. Chen. Soe., S, 75 (1903)

m-1238

Cupric sulfide is reduced to cuprous sulfide when heated in a vacuum.

In like manner, SnS» is reduced to SnS and AgtS reduced to 2Ag.

2Cu8 Cu^ + 8

F. Damn and F. Kraft, Ber., iO, 4775 (1007)

Raf., W. Robartaon, J. Chan. Sck. (London), 94:2, 39 (1908) 57

CuSCN
ZIO: m-i2d9

Cuprous thiocyanate is oxidised and iodine monochloride is formed

when a solution of cuprous Uiiocyanate is titrated with potassium

iodate in the presence of a large excess of hydrochloric acid.

4Cu8CN + 7KIO, + 14Ha
4CuS04 + 7KCI + 7ICI + 4HCN + 5H,0

G. 8. Jamieson, L. H. Levy and H. L. Walls, J. Am. Cham. Soo., 30, 760 (1903)

CuSCN
NH, m-1240

If ammonia gas is conducted over powdered cuprous thiocyanate, a

black powder is formed.

2CuSCN + lONH, 2Cu(SCN)-5NH»

T. W. Richards and B. S. Marigold, Z. anorg. Cham., 17, 245 (1898)
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CuSCN

NaOH
m-1241

Cuprous thiocyanate is converted into cuprous hydroxide by caustic

5oda<

CuSCN + NsOH CuOH + NaCNS

W. B. OarrigUM, J. Am. Chem- Soc., 19, 941 (1897)

Cu(SCN);
in-1242

Cupric thiocyanate is decomposed by water with the formation

of cuprous thiocyanate, thioeyanic acid, hydrocyanic acid and

sulfuric acid.

6Cu(8CN), + 4H,0 -*6Cu(SCN) + 5HSCN + HCN

E, Sdderb&ek, Sv. Kern. Tidik., 21, 116 (1909)

Cu(SCSOC,Hs)»
IIM24d

Upon being ignited, copper xanthate produces the following probable

reaction.

(Cu(SC8OC,H0,-^ (^iS + COS + CS OC,HrSCiHj)

WeiM, J. lod. Eng. Ch«m., 1, 605 (1909) tB

CuSOi

AgNO, III-1244

NsiStOi

Crystals of cuprous-sodium silver thiosulfate separate when an

ammoniacal solution of sodium thiosulfate is added to a mixture of

copper and silver salts.

(4i^N03 + 2CUSO4) + 9Na,S,Ot + 8NH<OH
^ CutS»Oi 2AgtStOi 5Na?S>Q> 6NH> + (4NaNO,

+ 2Na,S04 + 7H,0 + (NHJ^SA) + 0

0. L. Shinn, J. Am. Chem. Soc.. 26. 949 (1904) /
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OuSOi
S04)s IQ*1245

Solutions of copper sulfate and barium ethyl sulfate are mixed, the

barium sulfate filtered olT, and the filtrate yields pretty, blue, some-

what efflorescent prisms and tablets of tetra-hydrated cupric ethyl

sulfate.

CUSO4 -h BaCCjHt S04)f H- 4H,0
^ BaS04 + Cu(CtH4 • 804)1 • 4(HtO)

J. E. AlSn, K. Bven. Vet. Ak. Handl. Overs., 37, No. 8, 35 (1880) iO

CUSO4
Ba(CioH4Cl(NHCiH,0) SOi)i in*124e

When solutions of copper sulfate and of the barium salt of chloracet-

naphthylamine sulfonic acid are mixed and the barium sulfate

filtered off, the filtrate yields the copper salt of chloracetnaphthyla-

mine sulfonic acid as thin, almost colorless, easily soluble needle

crystals.

CUSO4 + Ba(Ci#HiCI(NHCiH40)S0,)t
BaS04 + Ou(C»Jrt4Cl(NHCiHiO) SO»)i

P. HellstrOm, K. Svep. Vet. Ak. Haodl. Bib., 1$, II, Ko. 3, 57 (1890) 10

CuSO*

Ba(CiflHiClNHi SO,), 01-1247

When solutions of copper sulfate and of the barium salt of chloro-

amidonaphthalenesulfonic acid are mixed and the barium sulfate

filtered off, the filtrate yields light green, easily soluble copper salt of

chlorounidoDaphthalenemlfonic acid.

CuSO. + Ba(C,«H,aNH,SO,),
-. BaSO, + Cu(CioH,CINH, SO,),

P. HellstrSm, K, Sven. Vet. Ak. Handl. Bib., 11, No. 3, 57 (1890) 10
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ra-1248
Ba(CjDH'(NOs)8'SO,)t

^ j. .*

Wien solutions of copper sulfate and of the barium salt

^
Taphthalenesulfonic acid are mixed and the barmm sulfate filtered oj

the filtrate yields the tetra-bydrated copper ^It of

lenesulfonic acid as well-formed. Feen.sb-yellow

occasionally tablet-shaped, but which form short, thick needles o

fllow evaporation of the liquid.

(b) C.(C,.H.(NO.)..SO.). + 4H.O_

P. Hellstrdm, K. Sv«. Vet. Ak. HaedL Bib,, 16^ H, Ko. 3,

CuSOi

Ba(NO,)j

Cupric nitrite may be prepared by the double decomposition of cupric

sulfate and barium nitrite.

(CuSO< + Ba(NO,)t Cu(NO0i + BaS04)

IIM.249

W, Hsmpe, Ann., 34$ (1863)

Ref., Ray, J, Chem. 8oc- (London), 01. 140$ (1907)

CHCU
Cl^04

ni-1260

Anhydrous cupric chloride is produced when anhydrous cupric sulfate

is heated in a current of dry carbon dioxide and chloroform at 280-

300^

3CuS04 + 2CHCU aCuCIt + (H,0 + 3SO, + 2CO)

Conduch4, Compt. rend., 168, 1180 (1914)

Ref., J. L. Howe, J. Am. Chem. Soc., 87, 548 (1915)
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CuSOi

in-1251

Wheo a hot solution of copper sulfate reacts with sodium acetate, a
blue-greenish precipitate of basic copper sulfate is obtained. The
same type reaction occurs wi^ sodium formate, sodium propionate,
and sodium valerate.

(a) 4Cu804 + eCHjCOONa + 3H,0
-^ CuS04-3CuQ + SNatSOi + 6CH,COOH

(b) 4CuSO* + eHCOONa + 3H,0
Cu8Q4 3CuO + SNatSO, + 6HCOOH

(c) 4CuS04 + eCHjCHiCOONa + 3H,0
CuS04 3CuO + 3Na£04 + 6CH,CH,COOH

(d) 4CuS04 + eCiHANa + 3H,0
CuSQ4 3CuO + 3Na,S04 + 6C4H10OJ

W. CuttliDuui, Z. aoiJ. Chern., 4, 34 <186S)

OUSO4
CtHkN m-1262

E^CriO?

Copper sulfate will react with solutions of potassium dicbromate and
pyridine yielding green colored, complex copi>er p3rndine dichromate.

CUSO4 + K,Cr,Ot + 4C 4H4N -4 Cu(CiH4N)4 CnOt + K»S04

P. Spacu, Z. anal. Chem., 116, 424 (1338-39)

OuSOi
CtHiOHCOOH m-1253

A solution of 3.5 g. salicylic acid in 20 ml. sodium hydroxide (1 g.

NaOH) is added to a solution of 1.6 g. cr3^tallised copper sulfate in

10 ml. of water. Olive green colored leaflets are formed.

CUSO4 + 2C6H40HC00H + 4NaOH
^ (CtH404Na),Cu 4H*0 + NasS04

H. Ley and 0. Erler, Z. ano^. Cbem., 66, 401 (1908)
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CuSO<

CeHjCOONH-
111-1264

CiH^N

Copper sulfate will react with ammonium bensoaU and pyridine

yielding a crystalline precipitate of blue color.

CuSO< + 2aH^N + 2C.H»COONH.
. /m« s^ (C>HtN)i(C4HtCOO)»Cu + (NH4)«S04

T- Dick and A. Eadulwu, Z. »»al. Chem., Ill, 394 (1937)

CuSOi

CjH^COONH^

C«Hi2N«

Copper sulfate will react with ammonium bensoste and hexamcth-

yleno tetramine, yielding a crystalline precipitate of blue color.

3CuS04 + 6CiHjCOONH 4 + C^HuN^
Cut(C#H4COO)«C<H,»N4 + 3(NH4)iS04

J. Dick, Z. and. Chem., ill, 260 (1937)

nM265

CUSO4

C7H*RS,

Copper sulfate will react with an alcoholic solution of mercapto

bensothiazol yielding a precipitate.

CuSO* + 2C7H4NS1 -• Cu(C7H4N8t)t + H,80i

G. Spacu and M. Kuraa, Z. anal. Chem., 102, 26 (19S5>

m-1266

CUSO4

C7H402NNa in-

A solution of copper sulfate will react with the sodium salt of anthraci-

lic acid, yielding a green precipitate.

CuSO, + 2C7H«0,NNa Cu(C,H.OtN), + NajSO,

H. Funk and M. Diit, Z. anal. Chem., 93, 245 (1933)

in-1267
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CUSO4

Ci^HaOi III-1268

CieH70«N

Copper eulfaie reacts with a soluUoo of Dapbtamine in alcohol, yiM-
ing a dark purple powder. The same type reaction occurs with
naphtasanne imine.

(a) CUSO4 + CioH»04 + H,0 CioH404Cu>H»0 + HtSOa

(b) CuSOa + CioHtOiN + 9H,0
^ Ci^HaOaN * Cu*9H|0 + Hj804

I. V. Dubsky, A. Laager and E. Wagner, Mikroebem., 92, 106 (1037) g$

CU8O4
CioHtNOs m-1259

Copper sulfate will react with a solution of quanaldinic acid yielding

a crystalline green precipitate.

CuSO* + 2CwH,N0t + HtO (C,eHiNOt)tCu HtO + H 1SO4

P. Ray and M. K. Bose, Z. anal. Cbem., 9S, 404 (1933) S8

CuSOt
CijHuOt in-1260

Neutral water solutions of copper salts treated with an alcoholic

solution of the ethyl ester of acetondioxalic acid give a practically

insoluble precipitate which contains 19.38% of copper.

CuHifOr + CuSO« —* CuCtiHitOy + HtSOi

A. Ji]«k and J. Lukaa, Cbem. liat., 19, 273 (192$) S

CuSOi
CuCUH^OCOONa 01-1261

A hot aqueous solution of sodium-bensoyl 3,4,5,6-tetrachloro-

benzoate is treated with an aqueous solution of copper sulfate and the

precipitate washed with water and dried. The compound is copper-

l-benzoyl 3,4,5,6 tetrachlorobensoate and it crystallises with two

HjO.

2C»HsCliOCOOKa -|- C11SO4 (C,iH4Cl40C00),Cu + NajSO^

G. Kircher, Ann., 233, 340 (1837) SO



COPPER 377

CuSO*
III-12S2

C
*

C pper sulfate reacts with quinalisarine inline andquinalisarineethyl-

enVdiaroine, yieldins dark purple powders.

(a) CuSO. + C.4H,0.N + 7H,0 ^ Ci.H.04NCu 7H»0 + H.SO-

(b) CuS04 + CjoHi,Oi*N» + 10H,0
-* C«H„0„NiCu • lOHiO + H 1SO 4

1 V Dubeky, A. Leoger and E. Wagner, Mikrochem., 22, 108 (1927) £8

OuSO^

CaO

H^O

111-1263

When lime water is added to copper sulfate solution, 20CuO ‘4SOr

CaSOi is precipitated at the point at which the copper in the solution

ceases to react with ferrocyanide (a). When the solution becomes

alkaline, 30CuO •^Oi*4CaSO< is precipitated (b). Different precipi-

tates are formed up to the point at which the copper continues to

react with iron (c), and when 50 to 500 moles CaO are added for each

mol C^Oi, (d).

(a) 20CuSOi + 4CaO + 16H,0
,, .u cr. \^ '

-h 20CuO 4SO» 3CaO CaS04 + (ISH^SO*)

(b) SOCuSO. + 27CaO 30CuO 3SO> 4CaSOi + (23CaS04)

(c) lOCuSO, + 4CaO + SH,0
^

^ ^ lOCuO SOi •3CaQ CaSO^ + (SHsSOO

(d) CuSO* + 4CaO CuO 3CaO -h (CaSO*)

S, U. Pickering, J, Chem. 80c. (London), 97, 1855 (1910) 57

CuSO*

Cu(HsPOj)j

When copper hypophospbite reacts with cupric sulfate solution at

a greenish liquid is formed and then yellow cuprous hydride

precipitates and then turns brown.

Cu(H,POj)j + CuSO* CutHt + 2HP08 + SO?

A. G- Ekatrand, Sv. Kem. Tidsk., 10, 29 (1898)

1IM264

10
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CUSO4

ra-1266
If metaUic iron is placed in a copper sulfate solution the iron replaces
the copper ions in solution precipitating metallic copper.

CuSO* + Fe — FeS04 + Cu
C. E. WiJUftcas and A. E. Andersoo, J. lod. Eng. Cbem.* 14, 105$ (Id22) eg

CuSOi
*•80, UI.1266

e

A solution containing 39 g. of copper, 14.4 g. iron (Fe*^), 96 g. sul-

furic acid per liter is electrolys^. Copper is deposited on the
cathode, nhile the sulfate anion oxidises ferrous to the ferric sulfate.

2CUSO4 + 4FeS04^ 2Cu + aFetfSOOt

E. Cohen, Z. Elektrochen., 1, 53 (1894) $0

CuSOi
FtSOi m-1267

t

Copper is deposited on the cathode when an acidified copper sulfate

solution containing ferrous sulfate is electrolysed.

2CUSO4 + 4FeS04 -*2Cu + 2Fet(SO0t

N. 8. Keith, Trans. Am. Blectroebsm. Soc., 1, 136 (1902) $

CuSO«
Fe»(SO«}s ni-1268

Fe

When iron is added to an acidified CuSO# solution containing ferric

sulfate, metallic copper is precipitated.

CUSO4 -f- FeiCSOOt + 2Fe — Cu -h 4FeS04

N. 8. Keith, Trane. Am. Electrochem. Soc., 1, 131 (1902) $



COPPER
379

in-1269
HC4Hi.O«

CaDroic acid may be converted to the copper salt by neutralising with

potassium hydroxide and then adding copper sulfate in the correc

molecular proportion. The copper derivative forms » fi"®
f*”®

powder when it is dried in air, but when heated to ,

suddenly turns green.

2HC|HiiOi + CuSOi^ Ou(CtHuO>)» + HjS04

J, L. Ssmmli, J. Phys. Chem., 10, 593 (1906) ^

HCI

CuSOd
ni-mo

At 450^0, sulfuric acid is quantitatively displaced from copper

sulfate by the action of dry hydrogen chloride gas.

CuSOd + 3HC1 CuCI, + HSOi

R. A, Beebe and D- B. Summera, J. Am. Chem. Soc., 50, 20 (1928) 16

HCI

CuSO*
in-1271

When a continuous current is passed through an aqueous series of elec-

trolytes which does not contain a common ion a chemical reaction

occurs- In the series HCl-CuSOd-HCl the cupric sulfate solution is

discolored at the left-hand contact while the color is intensified at the

right-hand by the formation of cupric chloride.

CuSOi + 2HCI (+ 0 ^ CuClt + H,S04

M. CbsDOS, Compt. rend.. 146, 986 <1909) S8
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CuSO*
NaOH III-1272

Metallic copper and cuprous oxide precipitate when a cuprous salt

is reduced bya hydrc^en atmosphere. The existence of a tetra copper
oxide (CU4O) is denied.

(a) 2CUSO4 + H, CutSOi + H,S04

(b) Cu,S04 + NaOH Cu,0 + NaHS04
(c) Cu^04 + Hi 2Cu + HiS04

M. J. Murrey, J. Phyi. Chem., 85, 1024 (1981) $6

C11SO4

HiO in-1273

By continued boiling of a water solution of cupric sulfate, a basic

sulfate 18 obtained.

6CUSO4 + 9H,0 {CuO)i(SOi), 5H,0 + 4H,S04

S. U. Pickering, Chem. News, 47, 181 (1883)

Rer., C. F. M.. Science, 9, 19 (1888) 79

CuS04
HiO in-1274

A green-blue precipitate of 30u0 *S0» is obtuned by boiling copper

sulfate solution or by treating copper sulfate and a little water in a

sealed tube at 200^.

3CuSO, + 2H»0^ (CuO)iSO» + (2HtS04)

S. V. Pickering, Chetn. News, 47, 181 (1883)

Ref., Sheitstooe, J. Chem. Soc. (London), 47, 875 (1885)

Ref., 8. U. Pickering, ibid., 97, 1855 (1910) $7
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^
ni-m6

The rate of decomposition of hydrogen peroxide is greatly accelerated

by the presence of some copper ions.

(a) CuSO. + H»Oj CuO, + HiSO.

(b) CuOj + H,0 CuOj HtO

(c) 2CuO»’ H»0 a=8 2Cu(OH)» + Oi

(d) Cu{OH). + H,S04 CuSO* + 2H,0

H. W. Rud«l aod M. M. Haring, Ind. Eng, Chem., 82. 123S (1930)

HiS

CuSOi
IIM276

Copper sulfide precipiuted at room temperature from cupric sul-

fate is practically pure cupric sulfide. When aging with HjS, or on

precipitation from boiling solution, some reduction (6%) to cuprous

sulfide occurs.

(a) ' Cu$0« + HjS CuS + HtSO«

(b) 2CuS Cu,S + S

I. M. Kolthoff and E. Peanoo, J. Phya. Chcro., 86, 642 (IS82)

HsSO»

SI

CuSO^
111-1277

If a solution of copper sulfate is saturated with sulfurous acid and

then treated with an iodine salt, cuprous iodide is immediately

precipitated.

2CuS04 -h 2KI + SOi H- 2H,0^ CuJ, -h KsS04 + 2H2SO4

B. Leao and W. H. Whatmough, J. Chem. Soc. (London), 78, 149 (1898) lOS

CUSO4
HjS04 m-ms
Fe

The addition of iron to an acidified CUSO4 solution precipitates

copper.

CUSO4 + HsSO* + 2Fe Cu + 2FeS04 H- Hj

N. S. Kdth, Trana. Am. EL Cbem. Soe., 1, 131 (1902) 8
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CuSO^
HjPOj m-1279

Cupric hydride is prepared when copper sulfate is treated with
hypophosphorous acid.

CuSO* + 2H,PO, + 2H,0— CuH, + (HtSO, + 2H,PO,)

E. J. Bartlett, N. F. Rica and W. H. MeitiU. Am. Chem. J., 19. 50 (1807) i

CuSO^
H,PO, m-1260

Phosphorous acid reduces copper sulfate to metallic copper.

CuSO, + H,POi -^011 + (H,P04 + SO, + 0)

Sieverts, Z. anorg. Cbem., 64, 20 (1009)

Her., J. L. Howe, J. An. Chem. Soc., 88. m (1911) i

CuSO^

KBrO ni-1281

Copper sulfate reacts with alkali-free potassium hypobromite, to give

a green flocculent deposit of a basic sulfate. This chaises into the

blue copper hydroxide if alkali is added, and finally becomes black

copper oxide.

SCuSOi + 4KBrO S0r30u0 + 2K£Oa + 2Br, -I- 0,

H. Pauli, Z. Elektrocbem., 8, 477 (1897) S€

CuS04

KCN ni-1282

Copper sulfate and excess potassium cyanide react to form a complex.

2(CuSO* H- 3KCN) ^ 2(CuCN KCN) H- O^t + 2K^04

F. Spitser, Z. EDektrochem., 11, 346 (1905) SS
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CUSO4

KCN
ni-1283

A deep blue solution is formed when potassium cyanide js added to a

solution of copper sulfate until the precipiUte formed just dissolves,

and ammonia added to the resulting solution.

(a) CUSO4 + 2KCN CCu(CN)i + KtSOi)

(b) 2Cu(CN), + 6NH» + 2HOH
' ' ^ + ^NHi^»Cu(CN)4

Beringer sod Hutchin, Eng. Min. J., W, 390

Ref., J. Am. Chcm. Soc., 19, 28 <1897)

KOH
ECKS

CU8O4
IIM284

Cuprous thiocyanate is precipitated when a solution of copper sulfate

is treated with potassium thiocyanate. This salt is then boiled with a

solution of caustic potash and the resulting hydrated cuprous oxide

reduces ferric chloride in the presence of hydrochloric acid.

(a) 2CU8O4 + 2KCNS ^ 2CuCNS + (K,S04 + SO, + 0,)

(b) CuCNS + KOH Cu(OH) + KCNS

(c) Cu,0 + 2FeCl, + 2HC1 2CuCl, + 2FeCU + H,0

R. K. Meade, J. Am. Cbem. Soe., 20, 610 (1898)

Cu804

ECUS 111-1285

C^HiN

Copper sulfate will react with potassium thiocyanate and pyridine

yielding a green precipitate which is insoluble in water.

(^S04 + 2KCNS + 2C5H,N ^ (Cu(C,H,N),)(8CN), +

G. Spacu, Z. anal. Chem., 67, 27 (L92S-26)
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CUSO4

ECNS

(NH*(CH,)C|H,)*

in-i2d6

Copper sulfate will react with potassium thiocyanate and a 2% solu-
tion of tolidine in alcohol, yielding a blue precipitate, insoluble in
water.

CU8O4 + 2KCNS + (NH,(CH,)C.H,),
^ K^Oi + (Cu(NH,>CH> C4Hj)t) (SCN)t

G. Spaeu, Z. ansi. Cfaem., S7, 30 {192^-26)

CUSO4
KCNS I1I-1287

Pyridine

Copper sulfate solution was neutralised to phenolphtbalein. To the
solution was added in succession, 10 ce. chloroform, 1 cc. glacial

acetic acid, 1 cc. of 10% potassium thiocyanate solution and 15 drops
of pyridine and water. The copper thiocyanate^pyridine complex d is-

solved in the chloroform and was estimated colorimetrically from the
depth of its green color.

CUSO4 + 2KCNS + 2C 4H4N ^ Cu(SCN), + KiSO*

Bosee aod Febder, J. Am. Phsrm. Ann., t9, 141 (1940) i/S

CuSOi

m-:2S8

Copper palmltate precipitates when cupric sulfate is added to an

aqueous solution of potassium palmitate (made by adding potassium

hydroxide, in chemically equivalent amount, to a solution of palmitic

acid). The copper palmitate may be recovered as a blue powder by
washing the precipitate and then drying at 100^.

CuSO* + 2KCiiH,iO, Cu(CuHmOi)> + K^O*

J. L. Sammis, J. Pbys. Cbem., 10, 593 (1906) 7



COPPER 385

CuSOi

KH,Co,(CN)u H,0

Cupric oobalto cobalticyanide is formed when solutions of mono-

potassium cobaltocobalticyanide and cupric sulfate are mixed,

3CuS04 + 2KH,Co,(CN)„-H,0 + 2H,0
Cu.(Co.(CN).0. 4H.0 -I- (K^O, -I- 2H,SO.)

C. L. Jaokson sad A. M. Comey, Am, Chem. J,, l», 278 (1897) ^

CuS04
IIM290

When a solution of cupric ion w treated with an excess of potassium

iodide, the following reaction takes place.

2CuS04 + 4KI ^ 2Cul + I, + 2K1SO4

Bsrtholow Psrk, And. Bd,, 3, 77 (1931)

CUSO4
in-1291

Copper sulfate and potassium iodide solutions react to give potassium

sulfate, copper iodide and free iodine.

2CUSO 4 + 4KI 2K,S04 + 2CuI + I,

J. W. Wftiker aad M. V. Dover, J. Chem. Soc. (Londco), 87, ISS4 (1905) Wi
Hef., E. 0. Mandnta, Gsef. chin, ital., 40, 107 (1910)

CUSO4
KI III-1292

Cupric sulfate and potassium iodide react to give cuprous iodide,

iodine, and potassium sulfate.

Cu804 + 2KI Cul + I + K*S04

H. W. Foote, J. An. Cbem. Soc., 60, 1349 (1938) 16

$
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CuSO^
^ ra-1293

Copper Bulfate will react with potaasium iodide aod a 1% solution of
benzidine in alcohol yielding a blue precipitate, insoluble in water.

CuSO* H- 2KI + NH*C*H4C*H*NH,
^ K2S04lCu(NHiC«H4*C|H4NH2)(I})

o. Spacu, Z. anal. Cbtm., $7, 32 (1925-26)

CuS04
KNO, ni-1294

c

When a continuous current is passed through an aqueous series of elec-

trolytes which does not contain a common ion, a chemical reaction

occurs. In the series KNOrCuSO4-KN0i the cupric sulfate solution

is discolored at the left-hand contact while the color is intensided at

the right-band by formation of cupric nitrate.

CuS04 + 2KN04 + « Cu(NO,), + KtSO^

M. Chanoz, Compt. rend., 146, 966 (1909) S8

CUSO4
KOH m-1296

Precipitation in the cold, of a solution of cupric sulfate with potassi^
hydroxide gives the basic salt.

4CUSO4 + 6KOH ^ (CuQ)4SO> 4 (3K,S04 4 SH^O)

S. ir. Pickering, Cbem. News, 47, 161 (1683)

Ref., C. F. M.. Science, 2, 19 (1663) 7S
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CUSO4
III-1296

KOB
KjC#H«07

A potassium cupricitrate in which the copper is electronegative is

prepared by mixing potassium hydroxide, copper sulfate, potassium

citrate, and citric acid. Copper acetate may be substituted for the

copper sulfate.

(a) 3CuS04 + 2KjCiHs07 + 18KOH + iHiC^H^Or
— 3[K,ChHC.HjOi)» 6H,01 + (3K,SO. + 3H,)

(b) 3Cu(C,H,0,)> + 2KiC,H,OT + 18KOH + 4H.C.H»0,

^31K.Cu(C,H40,)» 6H,0] + (6KCsH,Os + 3H,)

Luff, Z. G««. Brauwe^ft, SI, 310 (1808)

Ref., S. U. Pickering. J. Chem. Soe. (London), 07, 1842 (1010)

ZiCOi

CuSO,
III-1297

A solution of copper sulfate (I g of Cu/I) is added to a small excels of

potassium carbonate and boiled for a half hour precipitating copper

oxide.

(CuSO^ + KtCO* K,SO< + COt + CuO)

W. Gibbf, Chem. Nowa» 0, 250 (1868) Wl

Cu80«
E,SOi 111-1298

H7O
Equimolecular quantities of cupric sulfate and potassium sulfate

in water solution were mixed and allowed to crystallise in order to

form potassium cupric sulfate hexahydrate.

KiSOi + CuSO^ + 6HsO KjCuCSOO: OHsO

A. E. H. Tutton, Trans. Roy. Soc. (London), 216A, 38 (1916) 10$
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CUSO4

K,Cr(CN)*
in-i2d9

A blue precipitate of cupric chromicyanide is formed when a solution
of copper sulfats is treated with potassium chromicyanide.

3CUSO4 + 2K>Cr(CN)4^ Cu,Cf«(CN)i, + (ZKSO.)

K^ser, Jabresber., 17, 302 (1M4)
R«f., Cruaerand MUIer, J. Aft. Chens. 80c., S3, 1130 (1906)

CUSO4
K*Fe(CN).

Uj.
The titration of copper by potassium ferrocyanide can be followed by
the electrometric method under proper conditions.

2CUSO4 + K4FelCN), Cu*Fe(CN)» + 2K>S04

P. Dutoit and 0. Von Weiaee. J. Chim. ^ya., 3, 678 (1911)

CuSOi
K4Fe(CN)8 ni-1801

Copper ferrocyanide is precipitated when copper sulfate, slightly acid
with sulfuric acid, is treated with potassium ferrocyanide.

2CUSO4 + K4FetCN), OutFe(CN)e + 2K,SO*

Matteo Spies, Stas. Sperim. Agric. its!., SS, 593 (1894)
Ref., ibid., Chen. Cenir., 36, 815 (1694)

Ref., Femekee and Koeb, I. Am. Chem. 80c., 87, 1231 (1905) j

CUSO4
K4Fe(CN)4 ni-1302

Copper sulfate and potassium ferrocyanide, both thoroughly dried,

react when ground together.

2CuS04 + K4Pe(CN), CuJe(CN). + 2K^04
L. H. Parker, J. Cbem. Soc. (London), 106, 1608 (1914) 67
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CUSO4

LijSO^

No stable doable salts exist in the system CuSOrLijSOi* H*0 at

temperatures from 0-55^0. The solid phases are individual hydrates.

014303

CuSO^ + 5H*0 CuSO**5HtO

(b) Li*SO« + H|0 —> LitSO^'HtO

H. D. Crockford and M. M. Webiter, J. Phy*. Ch«m., 34» 2377 (1930)

NHsOH
CUSO4

m-1304

Pale green microscopic crystals are obtdned when methyl alcohol

solutions of cupric sulfate and hydroxyiamine are mixed.

CuSO* + NH^H CUSO4 NHiOH

M. Adams and E. OvermsOi J. Am. Cbem. 80c .

1

Sl» 638 (1909)

CUSO4

KH 2OH III-1306

A deep green precipitate forms when methyl alcohol solution of cupric

sulfate reacts with a slight excess of alcoholic hydroxyiamine.

CUSO4 + 2NH,0H ^ CUSO4 2NlItOH

M. Adams and £. <^rmsD, J. Am. Chem. Soc.» 31, 638 (1909) /

CUSO4

RH) 1114306

The following reactions embrace essentially the accepted ideas of the

solubility of copper sulfate in excess ammonia.

(a) 4CuS04 SHjO + 6NH4OH
-CUSO4 3CuiOH), H,0 +3(KH*),S04 + 19H«0

(b) CuS04 ‘ 3Cu(0H)rH80 + 2NH 4OH
-^4Cu(OH), + (NH4)^04 + H^O

(c) Cu(OH), + 2NH4OH ^ Cu(NH,),cOH), + 2HjO
(d) Ca(NH3),(OH), + (NHOtSO# Cu(NH3)4S0rH,0 + HjO
(e) 4Cu(NHa) 4S04 H,0 + 5H,0

^ CuSO* 3Cu(OH)i HtO + 3(NH4)iS04 + lONH^OH
E. B. Holland and G. M. Gilligan, J. Phys. Chem., 31, 730 (1927) 85
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NHa
OnSOi

in.l307
When ammonia is added gradually to a copper sulfate solution, the
following changes probably occur: (a) Copper hydroxide is precipi-
tated along with ammonium sulfate, (b) Copper hydroxide dissolves
in excess ammonia, (c) Complex base reacts further with ammonium
sulfate.

(a) CuSO. + 2NH, + 2H,0 (NH.),SO. + Cu(OH).

(b) Cu(OH), + 2NH, Cu(OH), 2NH,
(c) Cu(OH), 2NH, + (NHOiSO.^ CuSO. 4NH, + 2H.0

H. M. DawsoQ and J. McCtm, L Chem. 8oc. (Loodoo), T7, 125S (1900) to$

CuSOi

ni-1308

Aqueous ammonia is added to boiling solution of cupric sulfate.

Green basic cupric sulfate is precipitated. This when triturated with
sodium hydroxide produces cupric hydroxide.

(a) 2CUSO4 + 2NHi + 2H,0 Cu>(0H)>S04 + (NH*),S04

(b) Cu,(0H)^04 + 2NaOH ^ 2Cu(OH), + Na,S04

H. M. Davson, J. Chem. Soc. (LoadoD), 95, 374 (1909) 67

C\SSOi

NH4CNS nM309
Pure white cuprous thiocyanate precipitates when copper sulfate,

slightly acid with sulfuric acid, is saturated with carbon dioxide and
then ammonium thiocyanate added.

2CUSO4 + 2NH4CNS ^ 2CuCNS + (NH4),S04 + SO, + (0,)

Rivot, Z. anorg. Chem., 8$, 230 (1901)

Ref., Femekes and Eoch, J. Am. C%em. Soc., 87, 1232 (1905) /
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CuSO.

361

NH^OH
III-1310

The neutralization curve of mixtures of copper sulfate and malic acid

by ammonia reveals the formation of a complex compound:

(CuSO, + C4OSH. + 6NH.OH
-.CuC40»H,(NH,). + (NH,).SO, + 6H,0)

J. L, Delaal, J. Chim. phy*., 96, 314 <1938)
69

NB.OH
CUSO4

iii'iaii

CiOjH*

Two complex compounds are formed in the neutralisation of 1 mole of

tarUrtic acid and 2 moles of copper sulfate by ammonia:

(a) (2CuS04 H- C40eH* + 4NH40H
CuCAHi + 2(NH4)^04 + Cu(OH), + 2H,0)

(b) (2CuSOi + CdOiHi + 4NH 4OH
CujCiOtH, + 2(NH.)tS04 + 4HaO)

J. L. D«lflat, J. Cbim. phye., M, 814 (1938) 69

CuSO,

NHiOH IIM312

C 4O 1H6

The titration curves of equimolecular solutions of copper sulfate and

tartaric acid show the formation of the following complex compounds:

(a) (CUSO4 + CiOiH* + 2NH4OH
— CuC40*H4 + (NHi)^04 + 2HjO)

(b) (CUSO4 + C404H, + 3NH4OH
CuNH4C404H, + (NH4)jS04 + 3HjO)

(c) (CUSO 4 + + 4NH 4OH
— Cu(NH4),C40*H, + (NHi):S04 + 4HjO)

(d) (CUSO4 + Ci04He + 6NH4OH
-»CuCiOsH4-4(NH,) + (NH4)jS04 + 6HtO)

J. L. Delsal, J. Chim. pbys., 86, 314 (1938) 09
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C\iSOi
(NHOaSO,

JU.
When coocentfAted soiuiioos of copper sulfate and ammonium sulfate
are mixed, a blue solution is formed which when heated and diluted
produces a bulky blue precipitate of ba«c sulfate.

ISCuSO* + 14(NHi),S04 + 14H|0
ISOuO SOr UNHiHSO< + UNH^OH

8. V. Pickering, J. Chem. Soc. (toDdoo), »6:J, 1417 (19W)
•••A----*-----*-----*------... ..................

CuSOi
(NHi)3S04 in-1314

HtO

Equimolecular quantities of cupric sulfate and ammonium sulfate in
water solution were mixed and allowed to crystallise in order to form
ammonium cupric sulfate bexahydrate.

(NH4)^04 + CuSO< + 6H,0-^ (NH<),Cu(S04)f 0Hrf)

A. E. H. Tutton, Trane. Roy. 8oc. (Loadoo), 916A, 34 (1916) iOf

CuSO^
NO m-1316

When copper sulfate is dissolved in concentrated sulfuric acid and
nitric oxide is passed into the solution, a blue violet addition com*
pound containing one mole nitric oxide per mole copper sulfate is

formed. The addition compound is very sensitive toward water.

Other anhydrous solvents may be used instead of concentrated sul*

furic acid.

CuS04 + NO CuS04 NO
Manchot, Ann., 376, 310 (1910) ^

CUSO4
NsH4 2HtO m-1316

Copper sulfate may be reduced by bydrasine hydrate with the forma-

tion of a deposit of metallic copper.

(a) CuSO* + N<H4‘ 2H,0^ Cu(OH), + N,H4‘ H^O,
(b) >Cu(OH)t + N,Hi 2HiO^^ + N, + 6H|0

Robert D. Barnard, Science, 6$, 330 (1927) 44
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CuSOi
ni-

NftCbOi

A green copper salt precipitates when copper sulfate solution reacts

with sodium columbate.

in-i3i7

2CuS04 + 4NaCbO, + 7HiO
(2Na^i) + 2(CuO Cb>0> 3tHtO)

C. W- Balke and E- F. Smith, J. Am. Chem. 8oe., W, 1652 (1908)

KaCl

CuSO*
nM318

When a continuous current is passed through an aqueous series of

electrolytes which does not contain a common ion, a chemical reaction

occurs, In the series NaCI-CuSO«-NaCI the copper sulfate solution is

discolored at the left-hand contact while the color is intensified at

the right-hand by the formation of cupric chloride.

CuSO* + 2NaCI + « CuCU + NaiS04

M. Chanoa, (^mpt. rend., 148, 986-7 (1909)

CuSO^

1 IIM310

When a mixture of cupric sulfate and sodium chloride is heated, cupric

chloride and sodium sulfate are formed.

CuS04 + 2NaCl CuCl, + NaiSO*

P. KIOMD, Sv. Kern. Tidsk., 29, 192 (1917) tO

CUSO4

HaHCOa m-1320

When concentrated solutions of cupric sulfate and sodium bicarbonate

are mixed a blue solution is formed, from which a double salt separates

in 24 hours or more.

CaS04 + 2NaHCO« + 2HjO CuS04 NaiC0r3Ha0 + CO*

S. V. Pickering, J. Ghem. 80c. (London}, 96:2, 1416 (1909) S7
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CuSO«
NaHS0,CH,0 m.
NH4OH

A stroDgly ammoQiacal copper sulfate solution reacts with a sodium
formaldehyde-sulfate solution to give sodium ammonium sulfite,

formaldehyde, cuprous sulfate, and ammonium sulfate.

NaHSOi CH,0 + aCuSO* + 3NH4OH
- Na(NH4)SOi + CH^ + Cu^SO^ + (NH*),S04 + 2HtO

Salkin, Ind. Eng. Chem.» 16, 649 (1923)

CuSOi
NaOH ni-1322

NaHSOa

Sodium bisulfite reacts with copper sulfate, in the presence of small

amounts of sodium chloride and enough sodium byroxide to neutralise

sulfuric acid liberated, to give a precipitate of white crystalline

cuprous chloride.

2Cu80i + NaHSOi + 2NaCl H- 3NaOH
2CuCl + 3Na^04 + 2H,0

L. P. Curtin, Ind. Eng. Cbem., 1$, 993 (1927) m$

CuSO^
NaHSOi m-ld23

NajCOi

Sodium bisulfite reacts with copper sulfate in the presence of sodium

chloride and sodium carbonate to yield sodium cuprous chloride.

iCnSOi + 2NaHSO, + SNaG + 3NaiCOi
4Na(Cuai) H- 6Na*S04 + H,0 -h 3COi

L. P. Cuitin. Ind. Eng. Ch^rn., 19, 994 (1927) £9
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CuSO,
m-1324

NaHSeO,

When solutions of copper sulfate and of sodium hydrogen selenite are

mixed, there precipiUtes a yellowish green amorphous salt which

changes rapidly to blue, four-sided prisms of di-hydrated copper

selenite.

CuSOi + NaHSeO* + 2H>0 CuSeOi 2(HtQ) + (NaHSO^)

L. P. Niiion, K. Sven. Vet. Ak- Handl. Overe., 81. No. I, 42 (1874) ^0

CuSOi
III-132&

Sodium iodide reduces sulfate to cuprous iodide, setting some iodine

free and leaving sodium sulfate in solution.

2CuS04 + 4NaI + U

G. HoUt, Sv. Kem. TicUk., 43, IS (1981)

CUSO4

C.H4(0H), Ill-

Light

Red light from a carbon arc causes reduction of Fehling's solu-

tion contaiDing about a quarter of a gram of hydroquinone per

liter, whereas Fehling’s solution without hydroquinone is not affected

during the same interval of illuminaUon.

2CUSO4 + C4H4(0H)* + HtO ^ CutO + {C1H4O1 -h 2HjS04)

A. Leighton, J. Phya. Chem., 17, 203 (1913)

IIM326

CUSO4

NaOH ni-

Addition of .lAf sodium hydroxide solution to .1^^ cupric sulfate

solution results in a precipitate of basic cupric sulfate.

4CuS04 H- 6NaOH (Cu(OH)t)i CuSQ4 + SNajSOi

R. H. Fuoss, Anal. £d., 1, 128 (1929)

in-1327
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NaOH
CuSO*

m-132B

When a continuous current is passed through an aqueous series of
electrolytes, which does not contain a common ion, a chemical
reaction occurs. In the series NaOH-CuSO<-NaOH the blue precipi-
tate of cupric hydroxide increases at the right-hand contact.

CuSOi -b 2NaOH Cu(OH)i + Na,SO^

M. Cbsaos, Compt. rend., 146, 987 (1906)

CuS04
NaOH in-1329

The composition of ba«c cupric sulfates is dependent on the methods
of preparation and the ratio between the reactants. The composition

remains essentially 7CuO 2S0i until a pH of about 7, and thereafter

a continuous increase of CuO/SO» results.

7CuS0* + lONaOH -* (CuO)r 280, + dNatSOi + 6H,0

0. A. NeUon, J. Phyi. Chem., $2, 1166 <1928) 65

CuSOi
NaOH m-1330

The precipitate obtained by adding not more than 1.5 moles of

NaOH to each mole of CuSO^ is practically constant in composition.

4CuS04 + 6NaOH -|- H,0^ CUSO4 3CuO-4HiO + 3Na^04

F. S. WilUsmsoo, J. Pbys. Chtm., 87, 796 (1923) 8S

CUSO4

NaOH m-mi
C404H<

The electrometric titration curve of an equimolecular solution of

copper sulfate and malic acid reveab the existence of a complex

compound:

(CuSOi + CiOiH* + 3NaOH -4 CuNaCiOiH, + NatSOi + 3H,0)

J. L. Dclaal, J. <7him. phys., 86, 314 (1938) 69
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CuSO*

KaOH

C*O.H*

in-1332

A crystalline addition compound can be obtained when a solution

of 2 moles of malic acid and 3 moles of copper sulfate is neutralised

by sodium hydroxide:

(SCuSOi + 2CiO*H. -f 6NaOH
-* Cu,{C40*Hi)j + SNatSOi + 6H,0)

J. h. Delial. J. Chim. pby#., M. 314 {I9d$)

CUSO4

NaOH

Two complex compounds are formed in the neutralisation of equi-

molecular solutions of copper sulfate and Rochelle salt by sodium

hydroxide:

(a) (CUSO4 + KNaC404H4 + NaOH
KCUC4O4H, + NaiSO* + H,0)

(b) (CuSOi + KNaC404H4 + 2NaOH
KNaCuC40|H* + NatSO^ -f 2H2O)

J. L. D«l8a]» J. Chim. phys., 35, 314 (1938)

in-1333

CuSCU

RaOH ni-1334

Two complex compounds are formed in the neutralisation of a solu-

tion of 1 mole of sodium tartrate and 2 moles of copper sulfate with

sodium hydroxide:

(a) (2CuS04 + Na,C404H4 + 3NaOH
CutONaCtO^Hj + 2NatS04 + 2HjO)

(b) (CuiONaCiOeH, + NaOH CuNatCiOiHt + CuCOH),)

J. t. DeUal, J. Chim. phys., 36, 314 (1938) 69
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KaOH
NasCO,

CuSO*

I1M33&

Od mixing copper sulfate with sodium carbonate solution (1 mole of
sulfate for .93 mole of carbonate) the sulfate is completely con-
verted into three distinct compounds: Insoluble hydrated copper car-
bonate which' forms the bulk of the precipitate, insoluble hydrated
basic copper sulfate, and soluble basic copper sulfate. These com-
pounds are formed in the so-called Burgundy mixture and the per-
centage composition of theprecipitate variesgreatly with temperature,
etc. If sodium bicarbonate is used, the same compounds are formed.

(ISCuSOi 5H,0 + 3Na,C04 lOHtO + 14NaOH
3CuCOt 3Cu(OH)i HtO + Cui(SO>)t(OH)r 2H>0

+ CuS04Cu(0H)t + lONatSO, + 92H,0)

Robert L. Moad and Chriatiaa Heberlein, L Cbeza. Soc. (London), 115:3, 921

(1919) 4s

CuSOt
nM336

Burgundy mixture is made by adding a cool, dilute solution of copper

sulfate to an equivalent amount of cool, dilute sodium carbonate.

The precipitate is then washed bee of soluble salt.

6CUSO4 5H,0 + SNarCOr lOHtO
5CuO-2COj 6H,0 + 5Na»S04 lOHiO + 6NaHCOi + 46H,0

B. B. HoUsQd sad Q. M. Gilligsa, J. Phya. Chem., 31, 731 (1937) 86

CUSO4
NasCOi m-1337

When copper sulfate and sodium wbonate are mixed, a bulky blue

precipitate is thrown down. When the precipitate remains in con-

tact with a saturated solution of sodium carbonate several days, it

changes to cupric hydroxide.

(a) SCuSOi + 8Narf:0, -h 3H,0
-» 5CuO 2C08 + 5Na,SOi + 6NaHCOi

(b) 5CuO -200, + 2Na,C0, + 7H,0 5Cu(0H)» + (4NaHC0i)

S. V. Pickeriag, J. Cbem. Soc. (Leaden), 95:8, 1412 (1909) 57
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CUSO4
in-1338

In the preparation of mixed Cu-Ni catalyst for oil hydrogenation, the

copper !8 precipiUted, (with the Ni), from a solution confining

0 5-0.8% of the mixed sulfates, by adding dilute Na,CO, soln, the

temp, being held at 40^C. AfUr adding kieselghur as an adsorbent,

the mixed carbonates are filtered and dried

-

CnSOi + NaiCOi -* CuCO< + NaiSOi

Masloboino Zhirovoc Delo, 13, No. 4, 31-34 (1937)

R«f., Abstracts, in Oil & Soap, 1#J3, 77 (1938)

NasCO

CuSO^

CO,

In a method of recovery of metallic mixtures used as catalysts, (Ni-Cu

mixtures), the metals are dissolved in nine percent sulfuric acid, then

precipitated with sodium carbonate.

(a) 2Cu + 2H30, + 0,(from air) -» 2CuSO, + 2H,0

(b) 2CUSO4 + 2NajCO, + H,0
^ Cu,(OH),CO, + 2Na,80. + CO,

V. Kopeikovekii and T. Lapina, Masloboino Zhirovoe Delo, 13, 580-581

Ref., Rev. of Sci. LU. on FaU A Oils, Oil and Soap, 13:4, 95 (1938)

CuSO^

NdiCO, in-1340

A saturated solution of pure cupric sulfate is diluted with an equal

quantity of water, and treated with a solution containing 5% sodium

carbonate and 5% sodium bicarbonate. The mixture is allow'ed to

stand and then filtered. A basic copper carbonate is formed.

7ChiS04 + l2Na,COj + 10H,O

->2CuCOf6Cu(OH), + lONaHCOs + 7Na2S04

K. B. DunoicUff and S. Lai, J. Cbem. 80c. (London), 113, 718 (1918} 57
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CuSOi

m-i34i
When ft solution of copper sulfate is treated with an equivalent
amount of sodium oxalate, copper oxalate precipitates. The copper
oxalate is blue and is hydrated. The amount of hydrate water varies
with conditions. The most sUble hydrate is CuCtO,'iH,0.

CiiSOi + Na,C,0. CuCtO. + (NaiSO.)

E. Seubert uid O. RauUr, B«r., 2S, 2821 (1682) at

CuSOi
NajO, m-1342

Copper peroxide is unstable in alkaline solution. When copper

sulfate is oxidised with sodium peroxide, the resulting copper per-

oxide will decompose yielding copper oxide.

(a) CuSO, -*• NaA -» CuO. + Na^O.
(b) 2CuO, + 2H,0 2Cu(OH), -I- 0,

(c) Cu(OH), CuO -f- H,0

L. Moser, Z. a&org. Chem., 84, 121 (1907) $8

CuSO#
Na^SjOi ni-lS4d

NH40H

When a concentrated solution of sodium thiosulfate is added to an

ammoniacal solution of a copper salt and Uie mixture allowed to stand

for a short time, a mass of deep blue crystals of cuprous sodium-

ammonium thiosulfate separate.

SNa^jO, + 6CuSOi + 12NH4OH
^ (CutS,Oi)r (Na&Ot)4» (NH#)tS,Or6NH» -I- (2(NH|),S0#

+ 9H,0 + 4NatS0#+30)

0. L. ShiDo, J. Am. Cbem. Soe., 26, 948 (1904) I
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CuSOi

NajSiOj
in-1344

When thiosulfate is added to a cupric salt, Cu^ and CuS are

formed in varying quantities depending upon temperature, duration

of beating, amount of Na^StOs added, and acidity. On boiling a

slightly acid solution with an excess of Na^sOi, the following equa*

tion is practically complete:

(2CuSO< + 2Na*SiO, + 2H,0 -* + 2Na,S04 + 2H,S04 + 8)

j Haoofl and V. Horvorka, Coll. Csecb. Comm., 1, 65 (1929)

CuSOi

Na,S,0. ni.l346

In the titration of a cupric salt with alkaline thiosulfate, the first step

is the reduction to the cuprous state.

2CuS04 + 2Ns,StO, CutS40« + 2Ka,S04

Bbaduri, Z. anorg. Cbem., 17, 1 (1898)

Ref., P. Dutoit, J. Chim. pbya., 11. 650 (1913) (19

CuSOi
Na^S^O* III-1346

A solution of cupric sulfate will react with sodium thiosulfate; crystals

of copper sodium thiosulfate are obtained. The same type reaction

occurs with potassium thiosulfate and ammonium thiosulfate.

(a) 20CuSOi + 18Na,SjOj + 17HtO
^ iOCu»S»Qr8Na>SjOr l7HeO + lONajSA

(b) 2CuS04 + 2KjSs04 + 2H,0
^ CurStOrK^tOj 2HtO + KjStOe

(c) 4CuS04 + 6(NH4)*S,Oi + 3H,0
^ 2CujS80i‘4(NH4)jS,Oj 3H,0 + 2(NH4)«S80e

A. Hosenheim and S. Steiobauser, Z. anorg. Chem., 26, 72 (1900) 28
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CuSOi
Na^SsOf 01.1347

An aqueous solution of copper sulfate added to an excess of a solution
of sodium dithionite changes color and a red brown precipitate is

formed together with the evolution of a gaa. The precipitate is a
mixture of copper and cupric sulfide.

(^) CUSO4 + NatSi04^ Cu + NatSOi + 2SOs

(b) Cu + 2Na^,04 CuS + NaiStO* + Ns,SOi

0. Bnmok, Ann., S27, 243 (1903)

CUSO4
NajS,04 01-1348

NH4OH

A strongly ammoniacal copper sulfate solution reacts with a sodium
hyposuifite solution to give| sodium sulfite, cuprous sulfate, ammo-
nium sulfite and ammonium sulfate.

NasSiO^ + 2CUSO4 + 4NH4OH
^ Na,SO, + CutSOi + (NH4)*80, + (NHOtSOi H- 2H,0

B. Silkin, Ind. Eog. Cbem,, IS, S49 (1923)

CUSO4
Na^SiOi m.ld49

HtO
From M/10 cupric sulfate and M/10 NatSiOs solutions at the boiling

point, light bluish green to deep blue precipitates, are thrown down.

When the molecular proportion of CUSO4 to NatSiOi is not less than

1 to 1, x-ray analysis shows the product to be a basic copper sulfate

4Cu0 S0i*3H:0 (a). Sometimes the product is (a) mixed with

dCuO * SO4 * 2HtO. All the precipitates occlude ^tca.

4CuS04 + 2NatSiOi + 6H,0

4CuO S0r3HtQ -I- (2Na,S04 + HtSOi -h 2H,8iO,)

H. V. Anderson and F. P. Hochgesang, J. Pbys. Cbem., 44, 439 (1940) 7



COPPER 403

CuSO<
III-

Na^PjOr

When solutions of copper sulfate and sodium pyrophosphate are

mixed, there precipitates a bluish white with a tinge of green, amor-

phous, probably anhydrous, pyrophosphate of copper. Two different

hydrated pyrophosphates of copper are known.

(a) 2CuSO, + Na4P*Oi ^ CutPiOr + (2Na,SO«)

III-1360

(b) 2CujPi07 + 6HtO (CutP*Or)r (HtO)t

(e) CujPiOt + 5HtO — CusPiOt* (HiO)i

C. K. pfthl, K. Sven. Vet. Ak. Handl. Over#., 30, No. 7, 40 (1873)

CuSO^

Na4P807 IIM361

HjS
Copper pyrophosphate precipitates when pure cupric sulfate is added

to a solution of sodium pyrophosphate, and is converted into pyro-

phoaphoric acid by hydrogen sulfide.

(a) 2CuS04 + Na^PfOr”* CuiP^Ot + (2Na8S04)

(b) CujPjO? + 2HtS ^ H^PtO? + 2CuS

G. A. Abbott and W. 0. Bray, J. Am. Chem. Soc.. 31, 734 (1909) J

CiiSOi

Na>P|Oio in-1352

A solution of copper sulfate will react with a solution of sodium
triphosphate yielding green crystals.

(a) CuSO* + NaiPiO.g^ Na,CuP,0,* + NaiSO^

(b) 2NaiCuP,Oio + CuSO,
CujPtO, CuNajPjO, + 2NaPO, + NajSO,

M. Staoge, Z. anorg. Chem., 12, 444 (1898) 2$
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CuSOi
NaaPe,(PjO 7) j in-1363

When a neutral or slightly acid copper sulfate solution is added to a
solution of sodium ferropyrophosphate, cuprous oxide is formed in
colloidal suspension and the acid solution contains s'odium ferri*

pyrophosphate.

2CUSO4 + NaeFet(Pj07)i + H,0
—» CujO + 2NaHS04 + Na*Fei(Pj07)i

P. Pucal, Compt. rend., 146» 863 (1908) m

CuSOi
NaiF«j(PjO?)i ni-1364

Nal

Sodium ferropyrophosphate and sodium iodide (or bromide) precipi-
tate copper from its solutions as cuprous iodide (or bromide).

2CuS04 + 2NaI + NaiFe,(P,0,),

2^ + (2NatS04 + NaiFei(Pi07)i)

P. Pascal, Compt. rend., 146, 863 (1908) S8

CuSO,

m-id65

Copper is precipitated when phosphorus reacts with a solution of

cupric sulfate.

6CUSO4 + 2P + 8H,0 ^ 5Cu + 5H^04 + 2H|P04

R. M. Bird and S. H. Diggs, J. Am. Cben. Soc., 36, 1386 (1914) I

OUSO4

P in-136S

Light

A copper sulfate solution to which alitUe phosphorus in ether baa been

added is more quickly reduced to metal and phosphide in the presence

of light than in darkness:

SCuSOi + P —» CutP + (other products)

C. W. Bennett. J. Phys. Chem., 1$. 782 (1912) 7
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CUSO4

m-1367

When phosphine is passed into an aqueous solution of copper sulfate,

copper phosphide and copper are precipitated-

(a) SCuSO* + PH, + 4H,0 HjPO, + 4H^04 + 4Cu,80i

(b) 3Cu30i + 2PH,^ + 2Cu,P

(c) 4Cu,S04 + PH, + 4HiO —
» + 4HtS04 + 8Cu

P. Kuliscb, Ann., 231, 327 (18S6)

CuSO,

P,

HiO

111-1358

Phosphorus reacts with a concentrated solution of cupric sulfate in the

absence of air.

SCuSO, + P4 + 6H,0 ^ CujP, + 2H,PO, + 3H,S04

Schiff, Ann., lU, 200 (1860)

CUSO4

PblCHjSOO, UM369

Solutions of copper sulfate and lead methyl sulfate are mixed, the lead

sulfate filtered off, and the filtrate yields large, thin, blue, right angled

tablets of tetra-hydrated copper (cupric) methyl sulfate.

CUSO4 + Pb(CH,SOi), + 4H,0 PbS04 + Cu(CH,S04)r4(H,0)

J. E. AlSn, K. Sven. Vet, Ak. H&ndl. Overs, 37, No. 8, IS (1880) tO

CUSO 4

SO, III-1360

NH 4OH
If sulfur dioxide is led into ammoniacal copper sulfate solution, the

colorless, anhydrous double sulfite crystallises out.

2CuS04 + 8NH4OH -h 3SO,

^ (NH 4),Cu,(SO,), -h 3(NH,),S04 + 4H,0

Ksmberg, Z. physik. Cbem., 69, 512 (1909)

J. L. Howe, J. Am. Cbem. Soc., 33, 168 (1911) /
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CuSOi
SnCL

m-1361
Stannous chloride reduces cupric sulfate and yields olive-green copper
suboxide.

8CuSOi + 6SnCU ^ 2CU4Q + (3SnCI| + 3SnO, + 8SO1)

A. C. Ekjtrand, Sv. Kem. Tidsk., 10, 29 (1896) ,r,

C11SO4

IIM3d2
In order to prepare pure copper, sine was added to cupric sulfate
aolutioD.

CUSO4 + Zn ^ Cu + (ZnSOO

T. J. Baker, Traae. Roy. 80c. (Londen), 196, 533 (1901) /nx

CUSO4

ni-1363

The powder and spongy-like cathodal deposits of copper formed by
electrolysis of aqueous solutions at high current densities (.02 amp.
per sq. cm.) are due to admixed oxider

,
formed by secondary processes

at the cathode.

(a) 2CuS04 + 2H|0 ^ 2Cu + 2HtS04 + Oi

(b) CUSO4 + H,0 CuO + HiSOi

0. K. Kudra a&d K. K. Ivaoov, J. Pbya. Chem., 40, 692 (1936) $6

CuSOi

in-1364

In order to prepare pure copper, a solution of copper sulfate was
electrolyzed.

2CuSO, + 2HiO^ 2Cu + (2n£Oi + Oi)

W. A. Tilden, Traoa. Roy. Soc. (Loadon), 194, 242 (1900) lOS
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e

CUSO4
ni-1365

Cupric sulfate was electrolysed with copper electrodes- Copper and

oxygen were formed.

(a) CuSO*-^Cu +SO.

(b) 2SOi + 2H,0 2H,S04 + 0,

J. W. Mdlet, Trans- Roy. So«. (Loodoo), ISO, 419 (1889)

CUSO4
iiMase

Above 600*C cupric sulfate is decomposed into the oxide:

(ChiSO# CuO + SO,)

H. 0. Koffxnui and W. Wtnjukow, Trane. Am. Inst. Min. Eng., 43, 523 (1913)

lUt, G. Marchal, J. Chim. phya., 22, 325 (1925) ^9

CUSO4

Ammonium heptyUcetate 111-1367

A solution of amroonium-heptylacetate is warmed and an aqueous

solution of copper sulfate added as long as a precipitate forms. The

precipitate is dissolved in hot alcohol and water added until a slight

turbidity persists. As the solution cools crystals of copper heptylace*

tate form.

A similar reaction occurs when this reagent is treated in a similar

fashion with sine sulfate.

2C,HuCOONH4 + CUSO 4 Cu(C,H,tCQO), + (NHJjSO*

F. Jourdan, Ann., 2(KI, 110-1 (1860) 20

CuSO,
Barium ^-bromo isocymol sulfonate III-136

S

Barium betabromo isocymol sulfonate is dissolved in water and the

calculated quantity of copper sulfate dissolved in water is added.

The solution is filtered and cooled. Crystals of copper ^-bromo iso*

cymol sulfonate with four H,0 separate.

Ba(C,oHi,BrSO,), + CuSO* Cu(Ci,H»BrSO,), + BaSO^

W. Kelbe and N. Czarnomski, Ann., 235, 275 (1886) 20
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CuSOi
CAleiuin«3*brpmo*2•toluene sulfonate HI-

An aqueous solution of the calcium salt of 3-brcmo'2*toluene sulfonic
acid is treated >vith an aqueous solution of copper sulfate as long as a
precipitate forms. The insoluble calcium sulfate was filtered off and
the filtrate concentrated. Crystals of copper-3-bromo-2-toluenesul-
fonate with four HiO separate.

CafCrH^BrSO,), + CUSO4 Cu(CrHtBrSOt)> + CaSO*

B. Crete, Ann., 177, 241 (1878) to

CuSOi
Lead glycerate m-1370

A boiling solution of lead glycerate is treated with an aqueous solution

of the equivalent amount of copper sulfate, the solution filtered and
concentrated. An amorphous precipitate of copper glycerate

precipitates.

A similar reaction occurs when lead glycerate is treated with a
solution of MnS04 . The manganous salt crystallizes with one half

HjO.

(C,(OH),H|COO)tPb + CUSO4 Cu(C>H404)t + PbSOi

K. GarsaroUi, Ann., 188, 190 (1876) fO

CUSO4
Mooo-leAd-3-chloro-4-pheaoUtilfootte in-1371

An alcoholic solution of mono-lead«3^hloro-4-phenolsulfonate is

treated with an aqueous solution of copper sulfate as long as a precipi-

tate forms. The precipitated copper salt is recrystallised from water

and contains four HtO.

Pb{C«HiClSOi)j + CUSO4 Cu(C4H4ClS04)t + PbS04

toJ. Kramers, Ann., 173, 339 (1874)
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O11SO4
rn-i372

Pottssiu® anisate

Copper anisate ®ay be prepared by adding a solution of copper sulfate

to a solution of potassium anisate. obtained from anisic acid with

potassium hydroxide. The copper salts of margaric, cmnamic,

phthaHc, abietic and camphoric acids have been made in a similar

manner.

(a) CiHjOCOOH + KOH -» C7H1OCOOK + HiO

(b) 2C7H,0C00K + OuSO. -» (C7H70C00)«Cu + KiSO.

C. B. Gates, J- Pbys- Cbem,, 1«, 97 (1911)

CuSO.

Sodium benzoate
111-1373

Copper benzoate was prepared by the reaction of copper sulfate

upon sodium benzoate. It precipitates from water as a blue powder,

insoluble in alcohol, slightly soluble in acetone, soluble in dioxane.

Copper salicylate (b) was similarly prepared.

(a) CuSO. + 2NaC,H.COO + 2H,0
- Na^O. + (C.H,CO0)»Cu2H,O

(b) CuSO« + 2CiH,0HC00Na'2H70
-* NatSO. + (C.H40HC00)7Cu2H70

B^rry^ Hartuag and Grubb» J. Am. Pbarm. Asao., 31 » 43 (1942) ISi

CnSOi
Sodium pbeoylmandelate ni-1374

An aqueous solution of sodium phenylmaodelate is treated with an

aqueous solution of cupric sulfate and the residue filtered off and

dried. A similar reaction occurs when this reagent is treated with

silver nitrate.

(a) 2CwHnOCOONa + CUSO4 (CisHuOCOO),Cu + NatSO*

(b) CuHuOCOONa + AgNOs (Ci,HuOCOOi^) + NaNOj

R. Meyer, Ann., 220, 52-3 (1SS3) SO
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CuSOrSHtO

m-ld76
SOi

CHaOH

With cupric sulfate pentahydrate, a methanol solution of Karl Fischer
reagent reduces the copper to the cuprous form.

CuSOrSHjO + 4il, + 580, + 5CH,OH
^ Cul + 8HI + 5HSO4CH, + H,S04

29»
”•

....... t$

CuSOi 5H,0
(NHaOK), 2HC]

KOH
ni-1376

Cuprous oxide is produced when a solution of copper sulfate is treated
with a solution containing a mixture of hydroxylamine hydrochloride
and potassium hydroxide.

(NH,OH), 2HC1 + 4(CuS04 5H,0) + lOKOH
^ 2Cu,0 + N,0 + 2KCI + 4K,S04 + 29H,0

Origgi, Boll. chim. fans., 4S, 392
Ref., J. Am. Chem. Soe., S7, 1354 (1905)

CuSOi 5H,0
(NH«),SO«

1II*1S77

The soluble salt, copper ammonium sulfate, is prepared by melting
one part of copper sulfate with three parts of ammonium sulfate and
driving off the excess of the latter by gentle heat.

2CuS0r5H,0 + (NHi),SOt ^ (CuS04)f (NH^iSO- + 10H,O
F. R. Mallet, J. Chem. Schj. (London), TT, 216 (1900) joi

NH,OH
CUSO4 2NH,OH

m-1378
A double salt is produced when a concentrated solution of hydroxyla-
mine is added to CuS04*2NH,0H.

CUSO4 2NH,0H + 3NH,OH CuSO^ SNHtOH
M. Adams and E. Overman, J. Am. Chem. Soc., 31, 540 (1909) I
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CuSOi*5NH,OH
ni-1379

HjO

A double salt is produced when water is added to CUSO4 SNHiOH

2(CuS04‘5NH*0H) + H,0
^ CutOSQi 2NHtOH + 6NHiOH + (NHjOWzHjSO^

M. Adams and E. Overman, J. Am. Chcm. Soc., 31» MO (1900)

CuSO< 2NH,
ni-13S0

s

When hydrogen peroxide is added to copper sulfaU diammoniate,

oxygen is evolved and an olive green precipitate of hydrated copper

dioxide is formed.

2(CuS04 2NHj) + 4H,0, 2CuO, H,0 + Oj + 2{NH*),S04

C. Weltsien, Compt. rend., S3, SIS (IS66)

(CuS04'4NH,)

KCN 111-1331

Copper in ammonical solution can be quantitatively determined by

titrating to the disappearance of the blue color.

(a) CuSO,(NH,)i + 2KCN Cu(CN), + KtSO^ -f 4NH,
(b) 2Cu{CN), 2CuCN + (CN),

V. LafolJye,

Ref., A. Henainger, Ber., S, 431 (1872) iJ

CuSOi 4NH,
RCI4 in-1382

A potassium copper cyanide forms when ammoniacal copper sulfate

is treated with potassium cyanide.

2(CuS04 4NH,J + 7KCN + 7H,0
^2K8Cu(CN) 3 -h KCNO + KSO 4 + (NHO2SO4 -I- 6NH4OH

0. L. Bsmebey, J. Am. Cbem. Soc., 3S, 1092 (1914) /
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CuSO* 4NH|
(KjHOHjSOi

,jj.

Hydrasine suJfate reduces cupric sulfate tetramnioniate to the
corresponding cuprous salt.

4CuSOi(NHJ, + (NjHrH^O^)
2Cu*S04(NH,)4 + N, + 2NH, + 3{NH4)iS04

Ebisr, 2. soorg. Chem., 47, 37! (1906)
Ref., J. Am. Chem. Soc., 86. 1763 (1906)

KI
CuS04-4NHi H,0

m-13S4
^en ^uocopper sulfate tetranunoniate is treated with potaesiura
iodide io iodine solution; tetraquo cuprous iodide monoaromoniate,
potassium sulfate, iodine and ammonia are produced.

2CuS04 4NHrHjO + 4KI + 2HtO
-2K1SO4 + CutIrNH, 4HiO + Ij + 7NH|

0.>8i{b«rrsd, J. Chem. Soe. (London), 67, 67 (1905)

CUSO4 5NHt
10-1366

When damp air is passed over copper sulfate pentammoniate the
ammonia is replaced by water.

CuSOi 5NH4 + 5HtO CUSO4 5H|0 -h 5NH|

D. Mendslejeff,

Ref., Von Richter, Ber., 8, 422 (1670) jt

CuSjOc 4NH,
NHi in-1386

Copper dithionate tetrammoniate is reacted upon with gaseous
ammonia at low temperature. Copper dithionate hexammoniate is

formed.

Cu8,Oi 4NH, + 2NH, Ou(S>Qt) -6NH4

Frits Ephraim and Edward Bolle, Ber., 46, 1770 (1916) $8
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KBs

OuSiO«
in-i3e7

Crystals of bright blue color are obtained when a concentrated solu-

tion of copper tetrathionate is saturated with ammonia gas.

CuS40« + 4NH4-^ CuSiOg ^NH;

Frits Ephraim sad Edward BoU®! Ber., 40, 1770 (1916)

GuStOi
IU-ld88

An aqueous solution of cupric pentathionate crystallises as small, blue

prisms of tetrahydratcd cupric pentathionate.

CuSiO# + 4HjO ^ CUS4O4* (KtO)4

P. T, Cleve, Sv, Kwn. Tidik-, 1, 6 (1889) 10

CuSeOi

SeOs in-1389

H}0

When normal copper selenite is digested with selenium dioxide in

water at 60^ and the residue recrystaJliscd, anhydrous copper hydrogen

selenite forms as blue-green, microscopic, four-sided prisms.

CuSeOi + SeO, H*0 CuSeOj HrSeOi

L. F. Kileon, Nova Acta. Soc. Uppeal. (3), 9, No. 7, 62 (1874) iO

CuSeO,
H 2S 111-1390

Copper sulfide precipitates and selenic acid is formed when a suspen-
sion of copper seleoate is treated with hydrogen sulhde.

CuSeO* + H,S ^ + H*Se04

Wohlivill, Atifi., 114, 169 (1860)

Ref., L. M. Dennis and J. P. Roller, J. Am. Chem. Soc., 41, 952 (1919) ;
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CuSiF, 4H,0
NH, ni-1391

Copper fluosilicate reacts with anunoxiia.

CuSiP»>4H,0 + 7NH* CuF0H-2NH, + 6NH*F + SiO* + H,0
L. 6&lbiano, Cast. chim. iUJ., 14» 81 (1884) ot

CuSiFi-6H|0

in-1392

The decomposition of copper fluosilicate by means of a small amount
of heat may be represented by the equation:

CuSiFr6H,0 Cu(OH)F + SiF, + HF + 5H,0

L. Balbiaoo, Casa. chim. ital., U, 83 (1884) gt

Cu*Sn-Sb

IIM393

KCN

A rapid and accurate estimation of copper in Babbitt can be carried

out by dissolving the alloy in hydrochloric acid, adding tartaric acid

and a little nitric acid and ammonia, then titrating slowly with

standard potassium cyanide.

(a) (Cu + 2HCI^ CuQt + H,)

(b) (CuCU + 4NHiOH Cu(NH,),a, + 4H,0)

(c) (2Cu(NH,)4C1, + 7KCN + H,0
2K,Cu(CN), + 2NH4CI + 2KC1 + KOCN + 6NH,)

E. W. McHenry, Trana. Roy. Soc. (Can.) IIII], 18, 58 (1921)

(NH4)iS m-1394

Copper reacts with ammonium sulfide to give cuprous sulfide, ammo«
nia and hydrogen.

(NH4)^ + 2Cu CuiS + 2NHt + H»

Henmann, Gaaz. chitn. ital., 8, 203 (1878)
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CUB3O4

CutB40}
1114395

An electrolytic cell conUiDing the KtCOj, NajCOj, KCl eutectic with

borax and copper oxide added and Cu screen electrodes has an EMF
0/ 0.78 V. at 600®C. The total process is written as:

4CuB,04 + C -* 2Cu,B407 + CO,.

S. Tamaru and M. Kamada. Z. Eleklrochem., 41. 05 (1935)

CuiBr,

NH^Br III-1396

Upon cooling the mixture of a solution of cuprous bromide and

ammonium bromide in presence of hydrobromic acid and copper wire,

crystals are obtained.

(a) Cu,Br, + 4NH4Br (NH4Br)4Cu,Br,

{b) Cu,Br, + 2NH4Br + H,0 (NH4Br),Cu,Br, H,0

H. L. WaJJa and E. B. HurJburt. Z. anorg. CVm.. 10. 157 (IS95) 28

Cu,Br,

NH4CNS 111-1397

Cuprous thiocyanate diammoniate is precipitated as a white crystal-

line powder when ammonium thiocyanate is added to an ammoniacal

cuprous bromide solution.

2NH4CNS + Cu,Br, + 2NH, - Cu,(CNS), 2NH, + 2NII4B1

Richards and Merigold, Proc. Am. Acad.. 83
.
131-38

Ref., James Knox and A. B. Prescott. J. Am. Cbem. 80c., 80. 30 (1898) /

CutBr,
NH.OH IIM398

Cuprous bromide diammoniate is prepared in long colorless prisms by
dissolving cuprous bromide in the least possible amount of ammonium
hydroxide and acetic acid, and evaporating over sulfuric acid in a cur-
rent of hydrogen.

CujBr, + 2NH1OH Cu,Br, 2NH, + (2H,0)

T. W. Richards and B. S. Mer^ld, FYoc. Am. Acad., 33. 131-38
Ref.. James Knox aad A. B. Prescott, J. Am. Chem. 80c., 20. 39 (1898) I
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CusClH)Oi

111-1399

Atacamite decomposes when heated above 200^C to yield water vapor
and a brown hygroscopic mixture of oxide and chloride of copper.
When water is added to the mass the original compound is not
regenerated- When heated above 250*» hydrochloric acid and water
are given off and a mixture of oxide and chloride of copper remains,

(a) 2Cu,C10,H,^ 3H,0 + CuCl, + 3CuO
{b) 3Cu,C10,H,— 5CuO + Cua, + HCI + 4H,0

E- Ludwig, Ann., 149, 74 (1873)

CuiClOiHj
A m-1400

Atacamite on being heated to 220-260^C evolves water
leaves cupric chloride and cupric oxide as a residue.

vapor, and

2CutC10,H, CuCl, + 3CuO + 3H,0

E. Ludwig, Ber., 8, »3 (1873) //

CutCIt

CO m-1401

Carbon monoxide reduces cuprous chloride solution.

CujCli + CO + HiO 2Cu + CO* + 2HC1

Winkler, Z. anal. Cbem., 98, 272 (1889)

Ref., Jooei, Am. Chem. J., 28, 306 (18M) t

CufCIf

Fe in-1402

Iron may be used to reduce cuprous chloride producing very pure
copper.

Nails were used and the reaction proceeded equally well whether they
were scoured or not. The copper obtained must 1» boiled with dilute

HCI to remove any adhering particles.

3Cu,Cl, + 2Fe 6Cu + (2FeCli)

E. Vigouroux, Bull. soc. chim. (France) (IV], 1, 10 (1907) 5/
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Cu,CU
ni-1403

When cuprous chloride is treated with ammonia gas at ordinary tem-

peratures, the following addition compounds are formed. The

same type compounds are formed with CutBri and Cujij.

(a) CujCli + NHj —* CujClfNHi

(b) CutCli + 3NHi^ CusCli’3NHi

(c) CuiCli + 6NH| —» CujClfONHi

8. J. Lloyd, J. Phy». Cbem.. W. 398 (1908)

RH4CI

CutCU
111-1404

Upon cooling the mixture of a solution of cuprous chJoride and

ammonium chloride in presence of hydrochloric acid and copper wire,

colorless crystals are obtained.

(a) Cu,Clt + 4NH 4CI ^ 4NH 4CI CuiClt

(b) SCuiClt -I- 4NH4C1 4NH4Cl-3CutCU

}l L. Wells sad E. B. Hurlburt, Z. aoorg. Cbem., 10, 137 (1895) fS

CusCU
NO 2

nr-1406

Cuprous chloride solution absorbs nitrogen dioxide with the forma-

tion of a color which is proportional in intensity to the amount of

nitrogen dioxide absorbed. The equation is:

CutCIt + 2NO» [CuiCNO,)i]CI,

J. A. A. Ausies, Bull, soe, cbim. (Fruoce), [41, 9, 814 (1911) St

Cu]CU
NaOH m-1406

Cuprous chloride reacts with dilute sodium hydroxide to form orange-

colored cuprous hydroxide in the cold (a). With hot caustic soda, red

cuprous oxide is formed (b).

(a) CutCIt -h 2NaOH ^ 2CuOH + 2NaCl

(b) Cu,CI* + 2NaOH ^ Cu,0 + 2NaCl + H^O

W. D. Bancroft, Traas. Am. Electrochem. Soc., S, 46 (1905) S
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Na,COa
Cu,CI,

nM407
Solid cuprous chloride and solid sodium carbonate react by metathesis
to a small extent, when shaken together.

CutCI, + NaiCO, 2NaCl + CutCO,

H- G. Denham, J. Chens. Soc. (London), 113, 405 (1913)

CutCI,

If air is passed over hot
100®C, CusOClj is formed,
giving off oxygen.

in-i40d

cuprous chloride with moist sand above
At a temperature of 400^C it decomposes

2Cu,CI, + 0,— 2Cu,OCli
(b) 2Cu,OCl, 2CU.C1, + 0,

MftlJet, Comp, rend., $4 , 296 (1867)

CutCl,

in-1409

Cupric chloride is formed w*heii cuprous chloride reacts with oxygen in

the presence of water.

(a) CuiCIt + HiO CujO + 2HC1
(b) 2CuiCl, + 4HC1 + 0, 4CuCl, + 2H,0

M. Grdger, Z. anorg. Chem., 28, 154 (1901) gg

CusCU
Ot m-1410

If cuprous chloride is exposed to air the following reaction takes place.

4Cu,Clt + 0, 2CutO + 4CuCI*

B. Lean and W. H. Whatmough, J. Them. Soc. (London), 78, 160 (1898) iOS
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CuiCIt
nM4ii

0}

HCI

When air is blown through a 10% solution of cuprous chloride in

sodium chloride solution, cupric chloride is regenerated easily.

Stronger solutions do not r^enerate so easily.

(ft) 2Cu,Cl, + 0, 2CuCl, + 2CuO

(b) 2CuO + 4HCI 2CuCli + 2H*0

F. Fiichcr and P. Dilthey, Brenn. Chem., 7, 300 (1925)

CutCU(CO)i 4H,0

p IIM412

Under pressure dicarbonyl cuprous chloride decomposes slightly,

according to the equations:

(a) CuiClt{CO), 4H,0 Cu,CU + 2CO + 4Hj()

(b) CutClj + CO ^ 2Cu + COClt

(c) COCl, + H,0 2HCI + COt *

W. A. Jonei, Am. Chem. J.. 22, 301 (1399) iS

(CuCl),C,HiSCH»COOH • H,0

CjHiSCHjCOOH IIM413

KI

Hydrated ethylthioglycolic acid cuprous chloride is dissolved in

ethylthloglycolic acid and water and potassium iodide solution

added drop by drop. A heavy, colorless oil separates which soon
forms small crystals of anhydrous ethylthioglycolic acid cuprous
iodide.

(CuCl), CjH^SCHsCOOH H,0 + C*HtSCH,COOH + 2KI
^ (CuI),(C,HiSCH,COOH), + (H*0 H- 2KC1)

1.. Ramber, AcU Univ. Lund. Med, Matem. Katur., N. S., 4, Ko. 2, 13 (1908) 10
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Cu,CU-2NHi
CsH, ni-uu

KiO
Cuprous chloride diammoniate reacts with acetylene and water to

yield acetylene cuprous oxide and ammonium chloride.

CuiClt 2NH| + H,0 + CtH,^ CiHtCu.0 + 2NH4CI

Blochmaa, 0ms. chim. ital.» 4, 298 (1874)

^ Cu,(CN),

ECN m-1416

Cuproiis cyanide combines with alkali cyanides, giving double salts.

2Cu,(CN)i + KCN KCN 2Cut(CN)t

A. X>allemand, Compt. rend., 68, 760 (1804) ^9

Cu,{CN),
m-uio

At moderate temperatures nitrous oxide reduces cuprous cyanide to

metallic copper, carbon dioxide and nitr^en.

Cui(CN)j + 4N,0 2Cu + 2COt + 5Nt

A. C. VournaSM, Bull. toe. chim. (France) (4], 81, 286 (1917) St

CrO,

CufCOj
m-1417

10 gms. of cuprous carbonate and 26 gms. of chromium trioxide are

dissolved in a little water and the solution made up to 200 cc. Con-

centrated ammonia solution is added until a clear liquid is obtained.

The double chromate separates out in large shining black crystals.

CucCOi H- 4CrO, + 8NH4OH
^ 2l(NHi)iCu(Cr04)i-2NH,l -! 6H,0 H- CO

S. H. C. Briggs, J. Chem. 80c. (London), 88 , 394 (1908)
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III-1418

Ht

hydroxide.

Cu,C, + 2H,^ C.H« + 2Cu

Bertholet, Comp, rend.,

Ref., BertboUt, Comp, rend., M. 6J« 0862)
gB

HCl

CutC. H,0
III-1419

Mineral acids decompose cuprous acetylide monohydrate to form

water, acetylene and cuprous chlonde.

CuiCf HiO + 2HCI-*C,H,+ Cu»Clj + HiO

R. Blochmfcnn, Ber., 7, 275 (1874)

cu

(Cu,(C»H*N)OCl,
in4420

Chlorine passed into aqueous solutions of (Cuj(CiHjN)4)Cls slowly

transforms copper into the divalent form, yielding a green-yellow

complex.

2(Cu,(C,HJ^)4)C1, + 2CI, ^ 2(Cu(C,H»N)4)Clf + 2CuClt

D. 0. Matoubian, J- Gen. Chem. (USSR), 10, 918 (1940)

HjCjO4

CuJe(CN)4
IIM421

A green-yellow precipitate is formed when copper ferrocyanide is

boiled with 5% oxalic acid for two hours with a reflux condenser.

CuiFe(CN)4 + SHtCtOi^ 2CuC»Q4 + FeC^Q# + 6HCN

Leuba, Ann. de chim. appl., lO, 21S

Ref., i. Am. Chem. Soc., 2S, 1771 (1906)
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Cu,Fe(CK),
H,0 in-1422

Cupric ferrocyanide, cupric ferricyaoide, Prussian and TurnbuH’s
blues do not form stable hydrates at ordinary temperature. Vapor
pressure vs. composition curves demonstate the absence of stable com*
pounds. This conclusion is contrary to claims by Wyrouboff (Ann.

chim. phys. [5]» 8^ 44 (1876)) and many others.

(a) Cu,Fe(CN)i + H,0 Chi*Fe{CN)i H»0

(b) Cu,[Pe(CN),I, + H,0 Cujre(CN),]r H,0

(c) FeilFe(CN)Ji + H,0^ Fe4Fe{CN)4li HtO

(d) Fe,|Fe(CN)J, + H,0 Fe4Fe(CN)i|, - HtO

H. B. Wcieer, W. 0. Milligan and J. B. BaUa, Phya. Chem.» 46» 701 (1941) 7

CutFe(CN)t

KtCjO* ra-1423

Cupric ferrocyanide reacts with potassium oxalate to form copper

oxalate and potassium ferrocyanide.

Cu,Fe(CN)i + 2K,C,04-^^uCt04 + K*Fc(CN)i

M. Kohn, 2- anorg. Chem., 197, 287 (1931) 4

Li«Fe(CN)»

Cu,Fe(CN)i
m-1424

Red crystals are formed by boiling cupric ferrocyanide with lithium

ferrocyanide.

CutFe(CN)i + Li^FeCCN)* 2LjiCuFe(CN)4

J. Measner, Z. anorg. Chem., 9, 126 (1895)
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Cu,Fe(CN)«

42S

in-1426
Mff4F6(CR)s /

Bv boiling cupric ferrocyanide with a solution of magnesium ferr^

solution brown colored crystals of magnesium cupric ferro-

!vanide are obtained The same type reaction occure with calcium

ferrocyanide, sodium ferrocyanide, strontium ferrocyanide, barium

ferrocyanide.

CuiFe(CN), + Mg,re(CN),— 2MgCuFe(CN^»

CuiFe(CN), + Ca,Fe(CN),— 2CaCuFe(CN^»

Cu,Fe(CN)4 + Na4Fe(CN)t -• 2Na4CuFe(CNj4

CuiFe{CN)4 + Sr,Fe(CN), ^ 28rCuFe(CN)4

CujFe(CN )4 + BaiFe(CN)4-* 2BaCuFe(CN)^4

(a)

(b)

(0

(d)

(e)

J. Measner, Z. snorg. Chem., 8, 368 (189S)
2S

Cu.Fe CN 4

III-1426
(NH4).Fe(CN)4

Red brown colored crystals of ammonium cupric ferrocyanide are

obtained by boiling cuprous ferrocyanide with a solution of ammo-

nium ferrocyanide.

Cu,Fe(CN )4 + (NH*),Fe(CN).- 2(NH4)iCuFe(CN)t

J. Maaaner, Z. aaorg- Chem., 368 (1895)
^8

CutHIOa
III-1427

By heating cupric acid orthoperiodate to 115^ the product will be

cupric orthodiperiodate and water.

2CuaHI0, CuJtOii + H,0

F. Giolitti, Gaaa- chim. iUl„ 38, 351 (1902)

Cu,I*

NHJ
Upon cooling the mixture of a solution of cuprous Iodide and ammo-

nium iodide, colorless crystals are obtmned.

Cutit + 2NH 4I — (NH4l)aCutIt

H. L. Wella and E. B. Hwrtburt, Z. Sdorg. Chem., 10. 157 (1898) n
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Cu,(NH,),CO,

CO in-1429

Carbon monoxide acta on a solution of amxnoniacal cuprous carbonate

to form ammonium carbonate and copper.

Cu,(NH,),CO» + CO + 2NH, + 2HiO^ 2Cu + 2(NH*)tCO,

A. T. Urson and C. S. TarUwort, J. Am. Cbem. Soe., 44» 2884 (1022) IS

Cu,(NH*)4COi

CO m-i4do

At temperaiuree above 60^0 copper is reduced to the metallic state

when cuprous ammonium carbonate comes in contact with carbon

monoxide.

Cu,(NH,) 4CO, + CO + 2H,0 2(NH0iCO,'+ 2Cu
S

W. Oump aod I, Ernst, lad. Eng. Cbem., 22, 382 (1930)

CusO

AgNO: in-1431

Metallic silver is obuined by the reaction of cuprous oxide with silver

nitrate.

3CuiO + 6AgNOi + 3H,0 2CuiH|NO# + 2CuN,04 + 6Ag

W. Hampe, Z. anal. Cbem., 1?, 120 (1878)

CusO
in-1432

3

When a mixture of cuprous oxide and barium peroxide is heated black

cupric oxide is formed.

Cu,0 + BaOt 2CuO + BaO

J. A. Hedvall and N. von Zweigbergk, Ark. Kem., Min. Geoi., 7, Part 20, 4 (1019) 10
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III-1433

^^^pf^cupraus BuUate is formed when cuprous oxide reacts with

dimethyl sulfate at 160“.

Cu,0 + (CHi)iS04-* Cu,S04 + (CH,)fO

B«a)ur», Compt. rend., 1«.
.jg, (.jog,

^

Bef., J. L. Howe, J. Am. Cbem. See.. 81,

in-1434
CuP

,
,

In the production of copper ruby glws copper phosphide may be used

with cuprous oxide.

5CusO + 2CuP- 12Cu + PtO#

W. A. Weyl end N. J. Kreidl, J. Am. Cer.

f™;.
!!

CuiO
nM436

Cu)$

Cuprous oxide resets with copper sulhde to form metallic copper.

2CuiO + Cu,S ^ 6Cu + SOi

W. A. Weyl end H. J. Kreidl, J. Am. Cer. Soe., 8*, 339 (1941)

CutO

HF
Cuprous oxide will react with hydrofluoric acid yielding cupric fluoride

and metallic copper.

CutO + 2HF CuF, + Cu + HiO

A. Jaeger, Z. anorg. Chem., 37, 22 (1901)

CuiO

HN,

Cuprous oxide reduces triazoic acid to ammonia and is converted

into cupric triazoate in presence of excess acid.

Cu,0 + 5HN,^ 2CuN« + HiO + NH, N,

J, W. Turrentine and R. L. Moore, J. Am. Chem. Soc., 34, 380 (1912) /
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CujO
EtCrtO? nM4S8

Cuprous oxide is oxidised by potassium dichromate in the presence

of dilute sulfuric acid.

3Cu,0 + K|Cr,0, + IOH^04
^ eCuSOt + K^04 + 10H,0 + Cr,(SOi),

B. B. Rosd, J. Am. Chem. Soc., U. 922 (1896) /

Cu«0
MgCh 111-1439

Cuprous oxide dissolves in a hot solution of magnesium chloride with

the formation of magnesium hydroxide and cuprous chloride.

Cu,0 + HtO + MgCli 2CuCI + Mg(OH),
Sterry Hunt,

Ref.. Ch. Friedel, Ber., 3, 33 (1870) II

CuiO

NH,OH rn-U40

Cuprous oxide is reduced to metalUc copper when boiled with an

excess of hydroxylamine.

CujO + 2NH^»H ^ + 3HiO + N,

M. Adftcns and E. Overman, J. Am. Chem. See., 31, 840 (1909) i

Cu«0

(NH4)*S04

operating in an atmosphere of hydrogen, cuprous oxide and ammo-

nium sulfate are dissolved in aqueous ammonia and the cuprous sulfate

tetrammoniate formed is precipitated at 50^ by adding boiled alcohol.

CujO + (NH4)*S04 + 2NH 4OH ^ Cu,804 4NH» + 3H,0

Bouaat. Compl, rend., 146. 76 (1908)

ni-1441

S8
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Cu,0

(NH.).SO.
nM442

Ammonio-cuprous sulfate is precipitated as a xvhite crystalline

poxvder on addition of ethyl alcohol to a solution of cuprous oxide and

ammonium sulfate in aqueous ammonia at 50” in an atmosphere of

hydrogen.

CuiO + (NHOjSO, + 2NH,-^ Cu,SO< 4KH, + (H,0)

A. Bouint, Compt. rend., 144. 75 <***08)
„nAo,

Bcf., M. A. Whileley, J. Chem.Soe. (London). 84 3. 187 (1908)

Cu,0

SOCl,
III-1443

• #

Cupric chloride is formed when cuprous chloride is heated with thionyl

chloride in a sealed tube at 200*.

ecuci + 4Socii-* ecucu + s,ci, + 2SO*

H- B. North and A. M. lUgcman, J. Am. Chm. Soc., S6, 3W (1‘J13)

Cu,0
IIM444

On heating, cuprous oxide decomposes into cupric oxide and metallic

copper.

Cu,0 CuO + Cu

W. A, Weyl and N. J. Kreidl, J. Am. Cer. Soc., 24, 330 (1941)

CutOSOi 2NH,OH
NaOH IIM446

Cuprous oxide forms when a water solution of sodium hydroxide

reacts with a solution containing Cu*C^O**2NHtOH-

CujOSOi 2NH 2OH + 2NaOH CutO + Na^04 + 4H,0 + Nj

M. Adams aad E. Overman, J. Am. Cheiti. Soc., Sl» 540 (1909)
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Cu$P>Ot

K4pt07 in-1446

Copper pyropLoaphate dissolves id a solution of potassium pyrophos-

phate. Evaporation of the resulting solution either at ordinary

temperature or on the water bath produces amorphous, light blue,

tetra-hydrated double pyrophosphate of copper and potassium.

3CuiP»0, + 3K*Pi07 + 4H,0 (CutPiOr KiPtOr), 4H,0

C. N. Pahl, K. Sven. Vet. Ak. Hsadl. Oven., 80, No. 7, 44 (1873) W

CufPtOr

NSiPjOT in-1447

Copper pyrophosphate dissolves in a solution of sodium pyrophos-

phate. Cooling yields pale blue, microscopic, rhombic tablets of

3:1:21 double pyrophosphate- The resulting mother liquor, evapo-

rated at about 40® yields a light blue 1:3:4 double pyrophosphate

crystals. The next mother liquor yield the anhydrous double

pyrophosphate as blue, lai^ triclinic prisms.

(a) 3CutP»0, + Na^PtOr + 21HtO
(GuJ^^Ot)! Na4PiOT (HiO)jt

(b) CujPtOr + 3Na4P»07 -h 4H,0 ^ CuJ>t07 {Na*Pt07)i (HtO)4

(c) CutPi07 + SNaiPjOr CuiP*07 (Na4P»07)i

C. N. Pahl, K- Sven. Vet. Ak. Handl. Overs., 30, No. 7, 43 (1873) 10

A

(CujPiOT)tNa4PtOt
ni4448

When the double pyrophosphate of copper and sodium is kept at

about 100® it decomposes and yields ba«c copper pyrophosphate as a

pretty bluish-green, crystalline salt.

(CujP807)*Na4Pi07 + 7H,0
^ Na4pi07 + CuiP»07 (Cu(0H)i)t (H»0)s + HiPsOt

C. N. Pahl, K, Svco. Vet. Ak. Handl. Overs., 80, No. 7, 41 (1873)
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IIM449
AgNOi

Cuprous sulfide in contact with silver nitrate solution forms cupric

Ditrate, $ilver sulfide and silver.

CujS + 4AgNO» 2Cu(NO,), + AgtS + 2Ag

' Karl HeuiuBon, Bcr,, T, I6S0 (IS74)

Cu^ and CuS

AgNO
in-1460

In neutral solution, silver nitraU,reacts with Copper I and II sulfides

according to equations (a) and (b).

Treatment of the precipiUte with ferric nitrate (6%) removes silver

as AgNO).

CujS + 4AgNOi —• 2Cu(NOi)t + AgtS + 2Ag

CuS + 2AgNOj AgtS + Cu(N0t)i

Ag + Fe(NO,), AgNO, + Fe{NOi)t

J. Hbqus and V. Horvorka, CoU. C«ch. Comm., I, S5 (1929)

(a)

(b)

(C)

87

CutFesOt

CutS
III-1461

CutMnaO^

Copper sulfide reacts with copper ferrite and manganite at 700^C, and

is reduced to the metal.

(a) 3Cu,Fei04 + 2Cu^ ^ lOCu + 2Pei04 + 2SOt

(b) 3CutMni04 + 2Cu,S lOCu + 2Mn,Oi +^2SOt

R. Schenk and H. Keuth, Z. Elekirochem., 4S, 303, 304 (1940)

CutS

CutO in-1452

The reversible copper roasting process at 700®C and the SOj pressure

is markedly infiuenced by foreign materials which react with the

solid phase.

2CusO + CujS ^ fiCu + SOt.

R. Schenk and H. Keuth, Z. Eiekirochem., 46, 29S, 308 (1940) S6
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CuiS

CusO rn-u&3

A mixture of cuprous sulfide and cuprous oxide resets st high tempers*

ture and yields copper and sulfur dioxide. Cuprous sulfide and

ferrous sulfide under simitar conditions yield copper but not sulfur

dioxide.

(a) CujS + 2Cu,0 6Cu + SOj

(b) CujS + FeS 2Cu + FeSt

J. H- L. Vogt, Vid. ttl. ch. 8krifUr.» 1. 27 <1918) W

CuiS

FeCli in-146i

Chalcocite is readily attacked by ferric chloride producing cupric

sulfide.

Cu,S + 2FeCli -* Ci^ + CuCli + 2FeClt

H. N. Stokes, J. Am. Chem. Soc., 29, 314 (1907) /

Fe,(S04)i

CuiS
1IM465

Cuprous sulfide is dissolved by ferric sulfate solutions to form copper

sulfate, ferrous sulfate and sulfur.

CutS + 2Fei(S04).-* 2CuS04 + 4FeS04 + 8

N. S. Keith, TrAs. Am. Electrochcm. Soe., L 137 (1902)

Fet{S04)i

Cu,S
m-1466

A suspension of copper sulfide goes into solution during electrolyris in

the presence of ferric sulfate and free sulfuric acid.

Cu,S + 2Fe.(S04). + -» 2CuSO, + 4FeSO, + xH^SO.

E. Cohen, Z. Elektrochem., 1, 63 (1894)
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ni-1467
Fej(S04)« ,

The reactions that take place in the process for the extraction of

copper from pyritic ores with ferric.sulfate solution as the leaching

re&gcnt &te:

(a) Cu.S + Fe,(SOO> CuSO. + 2FeS0, + CuS

(b) CuS + 4Fe,(SO.)> + 4H,0^ CuSO, + SFeSO, + 4HsSO,

W. D. Horn* and E- W. Bi**.W E"«
'

**

CuiS

HCN
ni-i468

A process of cyanide recovery from coke manufacture makes use of

copper compounds to extract the cyanide from the gas instead of the

iron salts that are usually employed.

(a) Cu,8 + 6HCN + 4NH,^ 2(NH4),Cu(CN), + HjS

(b) CuCN + 2HCN + 2NH, (NH.),Cu(CN),

(c) (NH 4),Cu(CN), + H,SO. ^ (NH,)^0, + CuCN + 2HCN

(d) 2CuCN + Cu^ + 2HCN

(e) (NH,),Cu(CN), ^ NH,Cu(CN), + NH, + HCN

M. E. Muell€r, Chem. 4 Met. En|., 30, 978 (1924)

Cu>S
IIM469

Cuprous sulfide (chalcocite) react® with hydriodic acid to form

cuprous iodide and hydrc^en sulfide.

Cu^ + 2HI 2CuI + H,S

Ed. Utixixl, Ber., 3, 123 (1870)

CujS

EtSOi in-1460

Cuprous sulfide is oxidized to free sulfur when boiled with con-

centrated sulfuric acid.

(a) Cu«S + 2HjS04 —^ CuS -i- CuSO* + SO* + 2H 2O

(b) CuS + 2H,SOi S + CUSO 4 + SO* + 2H*0

C. Basketville, J. Am. Chem. Soc., 17, 910 (1395) i
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Cu^
(NH*),S‘Sx m-uei

Yellow ammonium sulfide reacts with cuprous sulfide to form cupric

sulfide.

Cu5+ (NH4),S-Sx^2CuS + (NHO^S-Sx - 1

Karl Heumaao, Ber, 6. 762 (1873) SI

Cu«S

0, ni-1462

Cuprous sulfide heated in the presence of air yields cupric sulfate and

cupric oxide.

2Cu^ + 50t-» 2CuS0i + 2CuO

P. Klsson, 8v. Kern. Tidsk-» »» IW (1917) SO

CU1SO4

CHiCOOH

0,

1114483

Glacial acetic acid dissolves small quanUties of cuprous sulfate to

form an intensely violet soluUon which oxidises rapidly in air,

turning blue and finally depositing crystals of acid cupric acetate.

Cu^04 + 4CH4C0,H + *0, 2Cu(CH»C0t)» + H,S04 + H,0

A. Eecoura, Compt. rend,, 148, 1108 (1909)

CutS04

H 2O

Cuprous sulfate is decomposed in presence

sulfate and metallic copper.

m4464

of water to form cupric

<>i^04 CUSO4 + Cu

J. T. CuttdftU, J. Cbem. Soc- (London), 106, 61 (1914)

Ref., Recoura, Compt. rend., 148, llOS (1909)
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CuiSO,

NaHS
III-1466

A solution of cuprous sulfate is treated with sodium hydrogen sulfide

and heated to about 80“. Powdered cupric sulfide is precipitated.

CujSO, + 2NaHS -• Cu»8 + (Ns,SO, + H^)

J. Girard, Aon, chim. aDat., 383 (1889)
76

KaOH

CujSOi
in-146e

Copper sulfate reacts in the cold with dilute sodium hydroxide to form

bluish cupric hydroxide. When the solutions are hot black oupnc

oxide is formed.

(a) Cold: CuS04 + 2NaOH Cu(OH)t + NatS04

(b) Hot: CuSOi + 2NaOH CuO + NajSOi + HiO

W, D. Bancroft, Troiu. Am. Eloclrochem. Soc., 8, 48 (1905)

CufSOi
IIM467

Diy cuprous sulfate oxidizes slowly in dry air at room temperature.

At 200^C it fixes one atom of oxygen and is transformed into a

brownish black mixture of cupric oxide and cupric sulfate.

CusSOi + ^ CuO “h CUSO4

A. Kecoura, Compt. rend., 148, 1108 (1909) S8

CU9SO4

0, III-1468

If the copper voltameter is exposed to air oxygen, which oxidizes

cuprous ions to cupric, cupric sulfate is formed in acid solution, where-

as the basic sulfate is formed in neutral solution.

(a) 2Cu^04 + 2H^04 + 0» 4CUSO4 + 2H,0

(b) 2Cu*S04 + 2HtO + Ot 2Cu(0H)rCuS04

F. Forster, Z. Elekirochem., 3, 481 (1897) 86
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Cu^O* 4NH,

HNOi m-1469

Cuprous sulfate tetrammoniate reduces nitric acid with evolution of

brown vapors.

Cu»SOr4NH, + 8HNO,
_ 2NO» + (CuSO^ + Cu(NO»), + 4NH*NO, + 2H,0)

Bousst, Compt. rend., 14$, 77 (190S) ^8

Cu^04 4NH,

H,0 III-U70

Cuprous sulfate tetrammoniate is decomposed by water with the

formation of a precipitate of cuprous oxide.

CujSOt 4NH, + 3H,0 ^ CutO + ((NH*)^Oi + 2NH 4OH)

Bousst, Compt. rend., 14$, 77 (1908) S8

Cui80r4NHi

H,SO.

Cuprous sulfate tetrammoniate treated with dilute sulfuric acid, gives

a precipitate of copper and a solution of cupric sulfate and ammonium

sulfate.

CujS04 - 4NH, + 2H,S04 Cu + CuSO# + 2(NH4)iS04

Bouratf Compt, rend., 146, 77 (1908) W

BaCl^

CuiSA ^(NHOiStOt
m-1472

A solution of copper ammonium thiosulfate will react with a con*

centrated solution of barium chloride yielding a white, amorphous

precipitate of copper barium thiosulfate.

Cu,SiOr2(NH4)*SA + 2BaCli + 4HiO
CutStOr (BaStO>)i 4H|0 + 4NHtCl

A. Rosenheim and S. Steinhauser, Z. anorg. Chem., 86, 72 (1900) £8
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A

CutSiOi
III-1473

Cuprous tetrathionate is unstable, even in the cold; on warming it is

transformed into copper sulfide and sulfur trioxide.

Cu,S40# 2CuS + 2SO,

G. Chancel and E. Diacon, Compt. rend., 66, 711 (1663)

Cu,S»
iri-1474

By gently heating copper hexasulfide, sulfur is given off and cupric

Irisulfide in amorphous form is obtained.

CutSi CutSj + 38

A, R6Ming, Z. anorg. Chem., 36, 407 (1900) S8

CUeSe

KCN nM476

KiO
When cuprous selenide is treated with an aqueous solution of potas-

sium cyanide in the presence of air, the products are potassium copper

cyanide, potassium selenium cyanide, and potassium hydroxide.

2Cu:Se -h lOKCN H- Oi + 2H,0
2KtCu,{CN)* + 2KSeCN + 4KOH

J. LandiQ, Sv. Kern. Tidak., 18, 2 (1900) tO

CutSi

S m-1476

Free silicon is formed when pulverised copper silicide is heated

in closed tubes at 200-250^0, but when the temperature rises to

300^, the free silicon reacts with sulfur.

(a) CujSi -h S Cu^ + Si

(b) Si + S,-^SiS,

Q. De Chalmot, Am. Chem. J., 19, $71 (1897)

Ref., J. Am. Chem. Soc., 30, 40 (189S) ;
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Cu^t
Zn in-1477

Free silicon is formed when pulverised copper silicide is allowed to

react with sine at a high temperature.

CutSi + Zn ZdCui + Si

Q. De Chalmot, Am. Cbem. J.» SO, 437 (1608)

Ref., J. Am. Chem. Soe., SO, 111 (1898} i

Cui(C|H»07)t

KiCOi in-1478

KsCeHftOy

When a concentrated solution of potassium carbonate is added to

copper citrate and potassium citrate, some carbon dioxide is evolved,

and on evaporation, a complex potassium cupricitrate is obtained in

which the copper is electronegative. The by-product of formation

of carbon dioxide is not determined. Alkali hydroxide precipitates

basic copper citrate from solution of this compound.

3Cu$(C4HiOy)} + 6K^C#H^07 + 6KtCOi*^ 3Kj«Cui(CiH|07)<(C0i)i

6. U. Pickering, J. Chem. Soc. (London), 97, 1844, 1948 (1910) 67

Gui(CeHkOT)»*CuO •2HtO

KiCeHiO, H,0 in-147«

When basic copper citrate is added to an aqueous solution of potas-

sium citrate containing citric acid, heated on a water bath, a precipi-

tate of potassium cupricitrate is formed. In this compound the

copper is part of a complex electron^tive radical.

3(Cu*(CeH*07)rCu0 2H,0] H- 4[K,CiH407 H,0] + 2H,C|H|07

^ 3|K4H,(CJIi07)t CuO) -h (3Cu,(C.Hj07)i + 10H*0)

8. U- Pickering, J. Cbem. Soc. (London), 97, 1841 (1910) 67
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CujCot(CN) u

shining blue crystals of Cu.Co,(CN)„-2NH,-5H.OareobtaiDed

n-hen cupri cobalticyanide is treated with ammonium hydroxide.

Cu,Co,(CN)„ + 2NH.OH + 3H,0 -» Cu,Co,{CN)„-2NH,-5H80

Zwenger, Ann., 6i, 158 (1847)

Ref., B. H. Miller and J. A. Matbewa, J. Am. Chero. Soc., W, 64 (1000)

ni-i480

A

CuiPSi
IIM4S1

Cuprous sulfide is obtained by very strong heating of cuprous

thiophosphate.

2CuiPSi^3Cu^ + P^*

E. Olftliel, Z. aaorg, Cbem., 4, 186 (1803)

X

CuiHiOi^
nM482

Brochantite decomposes above SOO^C to yield water vapor, copper sul-

fate, and copper oxide.

Cu^HiOnS CuSOi + 3CuO + 3H,0

E. Ludwig, Ann., 169, 79 (1873) 50

Cui(P)Oii)t

HsS III-1483

Triphosphoric acid is obtained by the reaction of copper triphosphate

with hydrogen sulfide.

2Cu4{P|Ow), + lOH^ -^dHftPAo + lOCuS

P. Schwara, 2. anerg. Cbem., 9, 249 (1895) !^S
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<HCOO),Cu

ni-1484

When solutions of copper formste are boiled, an insoluble pale green
basic salt is formed. The same compound is formed by Edition of
copper hydroxide to copper formate. It is converted to a less basic
salt on contact with normal copper formate.

(a) 4(HCOO),Cu + 6H,0
(HCOO)»Cu 3Cu(OH), + (6HCOOH)

(b) (HCOO),Cu + 3Cu(OH), -* (HCOO)tCu 3Cu(OH)>

(c) 2I(HCOO),Cu 3Cu(OH),l + (HCOO),Cu
3I(HCOO),Cu 2Cu(OH)t]

G. Fowles, Chem. Soc. (London), lOT, 128 (1815) S7

{HCOO),Cu
A m-U85

Crystallised copper formate when heated in a dry test tube, decom-
poses evolving oxides of carbon and a brilliant residue of metallic

copper.

((HCOO)tCu^ Cu + CO + CO, + H,0)

K. W. Clarke, Science, 1, 67 (1883) 7$

HC,Cu,0
HCl m-1486

Boiling hydrochloric acid decomposes cuprous acetyl oxide, giving

acetylene and cuprous chloride.

4HC,Cu,0 + 8HCI^ 4C»H, + SCuCl + (2H,0 + OO

Bertbolet, Compt. rend., 62, 458 (1866) gg

KCN-2Cu,{CN),
CuCKOe), in-1487

The double salts of cuprous cyanide react with cupric salts to give a

green precipitate which is a combinatfon of the cuprous and cupric

cyanides.

2[KCN-2Cu:(CN)J + Cu(NO,),

^ Cu(CN)r2Cu,(CN), + {2KNO,) + (2Cu,(CN)0

A. Laliemand, Compt. rend., 68, 751 (1884) t9
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KtCu(C,0,),
III-1488

Ligbt

phe pbotodecomposition of potassium cuprioxalate can probably be

represented by the equation given below.

Mixed salts and oxides, the result of secondary reaction, are also

KtC\i(CtOi)t- KiCtOi +• CuCj04

H. Dub« wid N- Dhar, J. Phys. Chem., 86, 630 (1932) 8$

K4Cui{CN),

^ nM489
CuSOi

A 50% solution of potassium cuprous cyanide will react with a concen-

trated solution of copper sulfate yielding a crystalline precipitate,

K«Cuj(CN)i + CuS04^ K,CuiCu(CN)4 -I- KSO. + 2KCN

P. StrauB, Z. anorg. Cbem., 9, 6 (1895)

IIM490
KbCu,(CN),

M0SO 4

A solution of potassium cuprous cyanide will react with a solution of

manganous sulfate yielding a white precipitate.

K»Cui(CN)i + ZMnSOi ^ KiCu>Md(CN)« -h Mn(CN)j + 2KS0i

?. Straui, Z. anorg- Chem., 9, 6 (IS95) -^8

Na,Cu,Mn(CN )4

NH4NO3

A hot solution of sodium cuprous manganous cyanide will react with

a saturated solution of ammonium nitrate yielding white crystals.

NaBCu,Mn(CN), H- 2NH4NO3 (NH4)*Cu,Mn(CN)* + 2NaNO.

P. Straus, Z. anorg. Chero.. 9, 6 (1895)
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DiO

ni-1492

Didymlum oxide (a mixture of praseodymium and neodymium oxides)
when gently heated with chlorine, forms the oxychloride.

(a) 3DiO + Cl, Di,0,a, + (0)

(b) (3PrO + Cl, Pr,0,CI, + 0)

(c) 3Ndo + CL, ^ Nd,o, -f a, + 0

Ft. Frericbe, B«r., 7, 798 (1874) ,

,

HNO, in*1493

Didymlum oxide dissolves in nitric acid forming the nitrate. The
salt melts at SOO^C without decomposition, forming a rose red mass.

DiO + 2HN0,-4 Di(NO,), + H,0

Ft. Frerichi, Ber., 7, 800 (1874) it

H,SO« 01-1494

Didymium oxide dissolves in sulfuric acid to form the sulfate. It

contains 3 moles of water of hydration, two, which are lost at 200^C
and the third at 250*C.

(a) DiO + H,SO, + 2H,0 DiS0r3H,0
{b) DiS0r3H,0 DiSO, • H,0 + 2H,0

(c) DiS04 H,0 Disc, + H,0

Ff. Frericla, Bcr., 7, 799 (1874)

ni-1496

Didymium oxide when heated for six hours in a porcelain crucible in

an atmosphere of oxygen, forms a sesquioxide, which when calcined

in platinum crucible evolxes oxygen.

(a) 4DiO + 0, 2Di,0,

(b) 2Di,0, + A + (Pi) 4DiO + 0,

Fr. Frerichs, Ber., 7, 799 (1874) 11

440
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IHCOH).
in-U96

of freshly precipitated didymium hydroxide is suspended in

^ifohol and 6 grams of acetylacetone are added. A clear solution is

“Lined from which, after a time, faintly reddish fine Sbered cryst^s

Larate. These are didymium acetonylacetone and melt at 152 C,

Di(0H)4 + dCiHjOj -» (CiHiO^.Di + 4H,0

A. Hantisch and M. Wolvckanp. Ann., 8J1. 340 (1904) eo

CJI.C1 SOrfl

Di.O,
ni-1497

C.H3r SOjH

CACl(NO,)SOiH{l,3,6)

Didymium oxide is dissolved in metachlorobensene sulfonic acid.

Prismatic needles are obtained from this solution. The same type

reaction occurs with metabromobensene sulfonic acid and chloro-

nitrobenzene sulfonic acid (1,3,6).

(a)

(b)

(c)

Di,0, + 6C.H,CI SO,H + 15H,0
2(Di(CiH«Cl 80i)i 9H.O)

Di,0, + 6C.H,Br SO,H + 15H,0
-» 2(Di(C.H,Br S0>)«-9H»0)

Di,0, + 6C,H,a(NO,) SO,H + 29H,0
2(Di(CiH.Cl(NO,) SO»)r 16HiO)

0. Holmb^rgi Z. Afiotg. CbAiD., 68, 83 (1907)
t8

Di,0,

C^i(N0*)S03H

Didymium oxide is dissolved in metanitro benzene sulfonic acid.

Crystals of didymium metanitro bensene sulfonate will be obtained

from this solution.

Di,0, -f 6C4H4(N0,)S0,H + 9H,0
2(Di(C|H4(N0j)'S0j)3‘6H20)

0. Holmbergi Z. aoorg. Chem., 63, 83 (1907) 28
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CeH4(N00SO»H in-1499

Didymium oxide is dissolved in roetanitro bensene sulfonic acid.

Didymium benzene sulfonate will crystalline from the solution in thin

crystals.

DitOi + 6C|H4(N0,)S0,H + 18H,0
^ 2(Di(C|HiSOt), 9H,0) + ?

0. Holmbarg, Z. anorg. Chem., 4$. 83 (1907) u

Di,0*

CioH? $0}H m-1600

Cicfli (NO,) SO}H(l,5)

C,oHr(NO,)-SO,H(M)

Didymium oxide is dissolved in alpha-naphthalene sulfonic acid.

Crystalline needles will be obtained from this solution. The same

type reaction occurs with 1,5 and IjO-nitro-naphthalene sulfonic acid.

(a) Di,0, + eC^HrSO^H + 9H,0 2{Di(CuH7 SO,)r6H,0)

(b) Di,0, + 6CipH*(NO,) SO,H + 9H,0
^ 2(Di(CipHiCNO,) •80,)r6H,0)

(c) Di,0, H- eCjpHpfNO,) 80,H + 15H,0
2(Di(C„Hi{N0,)S0,), 9H,0)

0. Holmberg, Z. anorg. Cbein., 68, 83 (1907) 88

Di,0,ci,

H,0 in-1601

Didymium oxychloride when boiled with water forms didymium

chloride and hydroxide.

Di,0,CU -I- 2H,0 DiCU + 2Di(0H),

Ft. Frcrichs, Ber.. 7, 798 (1874) H



dysprosium

DyiCCtO^)*
ni-1602

HCl

Dysprosium oxide is produced when dysprosium

several hours in a muffle furnace at 800« and finally at 900 .

DyjCCsOOi -* Dy«Oi + (3COj + 3CO)

H, C. Kremm, B. 8. Hopk[n» and E. W. Engle. J. Chem. S™ .

in-1603

Dysprosium chloride is formed when the oxide is treated w.th

hydrochloric ftcJd.

Dy,0, + 6HC1 ^ 2DyCli + 3H,0

J E Esan and C. W. Balka, J. Am. Chem. Soc-, 3fi. 365 (1913)

Ref., K?emera, Hopkine and Engle. ibW, 40, e(M (1913)

HCl

DViOt
^ m-l604

Dysprosium oxide, dissolved in hydrochloric acid and suitobly

concentrated to a solution containing 40-45 parts anhydrous salt for

100 parts solvent, treated with H times its volume of hydrochloric

acid, and allowed to sUnd in a sulfuric acid desiccator, forms dys-

prosium chloride hexshydrAte.

DyiOi + 6HCi;+ 9H,0 2DyClr6H,0

G. Urbain and G- JanUch, Compt. rend., 146, 129 (1908) S8

DyjOj

HHOi
III-1606

When dysprosium oxide is treated with the calculated amount of nitric

acid to which has been added i its volume of water, dysprosium nitrate

pentahydrate is formed.

Dy,0i + 6HNO, + 7HtO 2Dy(N08)i 6H,0

G. Urbain and 0. Jantsch, Compt. rend., 146, 128 (1908)

443
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Dy?0»
HNOi III-1606

HCl
Dysprodium oxide dissolved in dilute nitric acid, forma dysprosium
nitrate pentahydrate, which is efflorescent. The oxide dissolved in

hydrochloric acid forma dysprosium chloride.

(a) Dy,0^ + 6HNO, + 7H^^ 2[Dy(N0i)f5H,01

(b) Dy,Oi + 6HC1 + 9H,0 2lDya» 6H,01

E. Horton, J. Chem. Soc. (LondoD), d4:3» ld9 (1908) 57
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Er(COOH),
ni-1607

When erbium formate is heated to red heat very voluminous erbium

oxide is formed.

(a) 2Er(COOH), + heat -* Er,0, + (SHjO + 6CO)

(b) 2Er(COOH)> + 30, -* Er,0, + (3H,0 + 6C0,)

P. T. Cleve, K. Sven. Vet. Ak. Bih., No. 12, 7 (1874)

ErCU

AuCU

Erbium chloride and gold chloride yield large,

crystals of hydrated erbium gold chloride.

111-1608

orange-yellow tabular

ErCU + Aua* + dHtO -* ErCU AuCU 9H,0

P. T, CUvo, K. SvoD, V«t. Ak. Bih., 2, No. 12, 8 (1874) SO

ErCi»
IIM609

An excess of hydrofluoric acid added to solutions of erbium chloride

or erbium nitrate produces a milky, gelatinous precipitate in a dilute

solution, and a somewhat translucent, amethyst red precipitate of

erbium fluoride in a concentrated solution.

(a) ErCU + 3HF + (3HC1)

(b) Er(NO0i + 3HF Er^ + (3HN0,)

P. T.CleveandO. M. Hoglund, K. Sven, Vet. Ak. Bih., 1, No. 8, 21 (1872) SO

ErCU
H,C,04 in-1610

Erbium oxalate (perhaps the hydrated s^t) is precipitated as a light

rose-red, crystalline compound when oxalic acid is added to a warm

dilute solution of erbium chloride.

2ErCU + 3H,C,04 Er»(CtO0t + (6HCI)

P. T. Cleve and 0. M. Hoglund, K. Sven. V€t. Ak. Bih., 1, No. 8, 47 (1872) SO

445
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ErCL

Nearly neutral erbium chloride and orthophosphonc acid are mixed.

A copious precipitate soon forms that solidifies the whole liquid.

After long heating this contracts to a small volume of pretty> rose-red,

non-crystalline pieces of erbium orthophosphate.

ErCl, + H,PO* ErP04 + (3HCI)

P. T. Cleve and 0. M. HSgluad, K. Sven. V«t. Ak. Hsndl. Bib., No. 8, 41 (1872) 10

ErCli

HgCl: lU-i512

Mixed concentrated solutions of erbium chloride and mercuric

chloride yield small, rose-red, deliquescent, cubical crystals of

hydrated erbium mercury chloride.

ErCl, -I- SHgCl, + 6HtO ErCI, (HgCl,)i (HtO)i

P. T, Cleve, K. Sven. Vet. Ak. Haodl. Bih., 8, No. 12, 5 (1874) ' to

ErCl,
m-ifiidK«Fe(CN}«

Erbium chloride (concentrated neutral solution) added to a large

excess of potassium ferrocyanide solution produces an immediate,

white, amorphous precipiUte of the hydrated double ferrocyanide of

erbium and potassium.

(a) 4ErCU + 3K<Fe(CN), Er4(Fe(CN)i), + (12KC1)

(b) Er4(Fe(CN).), + K^FcfCN), + xH,0
4KErFe(CN)r (H>0)x

P. T. Cleve and Hoglund, K. Sveo- Vet. Ak. Handl. Bih., 1, No. 8, 23 (1872) 10
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ErCI,

447

(NH4)jS
III-1614

Ammonium sulfide precipiUtes erbium hydroxide from erbium salts,

hydrogen sulfide being evolved.

(a) 2ErCU + 3(NH4)^ + 6H,0 2Er(OH)» + (6NH4CI) + 3HsS

(b) 2Er(N03), + 3{NH4)*S + 6H1O
^ ' \ X

2Er(QH)> + (6NH4NO3) + 3HjS

(c) Er,(S04), + 3(NHi),S + 6H,0 ^ , otr ..^ 2Er(OH)i + (3(NH4)*S04) + 3H«S

P.T. CleveandO. M- Hfiglund, K. Sven. VH. Ak. Handl. Bih., I.N0.8. 16 (1872) 10

ErCb

PtCli
ni<i6i6

Mixed concentrated solutions of erbium chloride and platinum chlo-

ride, evaporated over sulfuric acid, yields large, orange-red, deliques-

cent, well-formed tablets of hydrated double chloride of erbium and

platinum.

ErCl, + PtCU + ErCU'PtCl** 11H,0

P. T. Cleve, K. Sven. Vet. Ak. Hand). Bih-, 2, No. 12, 4 (1874)

Era, 6H,0
m-1613

Crystallized erbium chloride when heated first loses water of hydra-

tion and then decomposes similarly to crystallized magnesium

chloride.

(a) Erar6(HtO) ErCl, + 6H*0

(b) 2ErCU + 3H,0 (EtjO, + 6HCI)

P. T. Cleve and 0. M. HO^imd, K. Sven. Vet. Ak. Handl. Bih., 1, No. 8, 20 (1872) 10
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Er(NO,),
ni-1517

Periodic acid is added to a cold, dilute, slightly acid solution of erbium

nitrate till the precipitate which first forms has dissolved. From

this solution there separates on standing crystalline crusts of erbium

periodate.

Er(NOj), + 3HIO* (Er(I04)t + 3HNOt)

P. T. Cleve and 0. M- H6glund, K. Sven. Vet. Ak. Hendl- Bih., L No. 8, 31 (1872) iO

HiC}Oi

ErtN0,)i
m-1518

Oxalic acid solution added to a warm strongly acid solution of erbium

nitrate precipitates nona-hydrated erbium oxalate as a ros^red, cry*

sUUine powder. When precipiuted cold the erbium oxalate comes

down as a tough mass that can be drawn into threads and then

becomes crystalline.

2Er(N0i)i + 3HtC»0^ + 9H,0 ErtfCtOQr^HtO + (6HN0|)

P, T. Clove, K. Sven. Vet. Ak, Hendl. Ofvers, 87, No. 7, 7 (1880) W

Er(NOi)i
m-1619

HiSeOi

When erbium nitraU solution is mixed with an excess of sdenous acid

solution and alcohol added pcnta-hydrated erbium M.d sdenite sep^

rates as round, ball-like clusters of very fine, rose-red, needle crystals.

2Er(NOi)i + 4H*SeO, + 4HiO fiHNOe + Erj(SeOi)iSeOi*5HiO

P. T. Cleve, K- Sven- Vet. Ak. Hsndl. Ofvers., 87, No. 7, 6 (1880) 10
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m-»20
HaSeOs

NH^OH

A somewhat dilute erbium nitrate solution is treated with an excess of

selenious acid solution which has been nearly neutralised with ammo-

nium hydroxide. An immediate, amorphous precipitate is formed,

probably erbium seleniU.

(a) {2NH4OH -t- HtSeO, -» (NH«)tSeO, -1- 2H,0)

(b) 3(NH4),SeO, -1- 2Er(N0.)j ^ Er«(SeO»)» -b (6NH4NO1)

P. T, Cleveand 0- M. H6glund, K. Sv.a, V«t. Ak. Handl. Bih., 1. No. 8, 38 (1872)
^

/O

NaOH
Er(NOi),

Sodium hydroxide solution added to erbium nitrate solution precipi-

tates gelatinous, voluminous erbium hydroxide with a pale amethyst

red color.

Er(NOi)i + 3NaOH Er(OH)> + (SNaNOi)

P. T. Clcv«aRd 0. M. H^uad, K. Sven. Vet. Ak- Handl. Bih., I, No, 8, 15 (1872) 10

Er(NO,),

NaiCO, “1-1622

An excess of sodium carbonate produces in an erbium nitrate solution

a voluminous fluocculent precipitate which dissolves slowly and

yields on evaporation large, rose-red, well-formed crystals of the

hydrated double carbonate of erbium and sodium.

(a) 2Er(N0,)j + 3Na,C0, (Er«(CQ>)i + 6NaN0i)

(b) Er,(CO,), + SNatCO, -I- 36HsO
^ ErjCOr (NajCOali SeHjO

P. T. Cleve, K. Sven. Vet. Ak. Haadl. Bih., 2, No. 12, 11 (1874) 10
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Er{NO,),

Na:SeO, in-1523

Excess of sodium selenite precipitates from erbium nitrate solution

heavy, white, microscopic masses of penta-hydrated normal erbium

selenite.

2Er(NO,), + 3Na^, + 5H,0 Er>(SeO<)r5HtO + (ONaNO,)

L. F. NilsoQ, Nova Acta Soc. Uppsal. |3,] $, No. 7, 89 (1874) tO

Er(NO,)i

A m-1624

Erbium nitrate is decomposed by beat yielding rose-red amorphous

erbium oxide.

4Er(NO,), + beat 2Er,Oi H- (12N0, + 30»)

P. T. Clove., K. Svea. Vet. Ak. Haodl. Ofvert., ST. No. 7, 4 (1880) JO

Er(OH),
ni-1526

Erbium hydroxide absorbs carbon dioxide readily from the air, form-

ing erbium carbonate.

2Er(OH), + 3CO,^ Er,(CO,), H- (3H,0)

P. T. Cleve and 0. M. HOglund, K. Sveo. Vet. Ak. Haodl. Bib., 1, No. 8, 15 (1872) 10

Er{OH)e

COj III-1626

H,0

Carbon dioxide passed into water containing suspended erbium

hydroxide, and the process repeated several times at intervals of

twenty four hours, finally forms rose-red lumps of erbium carbonate,

2Er{OH), + 3COt + 3Hrf) Er,(COi)» + (6H»0)

P. T. Cleve and Hogluod, K. Sven. Vet. Ak. Handl, Bib., X, No. 8, 43 (1872) 10
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Er(OH),

451

nM527
HCI

. ^ ,

Erbium hydroxide dissolves easily in hydrocWonc acid, forming

erbium chloride.

Er(OH), + 3HCI ErCU + {3H,0)

P. T. C1«V€ and 0. M. Hoglund, K. Sven. Vet. Ak. Handl Bih., 1, NV 8, 15
^

HNOi

Er(OH)i
^ ra-1628

Erbium hydroxide dissolves readily in nitric acid, forming erbium

nitrate.

Er(OH), + 3HN0, Er(NO»)i + (3HiO)

P. T.Cleveand 0. M. Hdflund, K. Sven. Vet. .^k. Handl. Bih., 1, No, 8, 15 (1872) tO

HsCJHiO,

Er(OH)»
104623

Erbium hydroxide is ea«ly soluble in twUric acid. The product is

either the normal erbium tartrate or the erbium hydrogen tartrate.

(a) 2Er{0H)i + ^ (EftCCiHA)! + 6HjO)

(b) Er(OH)* + SHtCiH^Oi (Er(HC 4H40e), + 3H$0)

P. T. Cleve and HOglund. K. Sven. Vet. Ak. Handl. Bib., 1, No. 8, 52 (1872) SO

HiSOi

Er(0H)4
I1M630

Erbium hydroxide dissolves easily in sulfuric acid, forming erbium

sulfate.

2Er(0H), + 3H,S04 ^ EnCSOi)* + (6H,0)

P. T. Cleveand 0- M, Hoglund, K. Sven. Vet. Ak. Hand!. Bih., 1, No. 8, 15 (1872) SO
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Er(OH),
HjSe04 III-1531

Erbium hydroxide dissolves in selenic acid, and yields erbium selenate.

On evaporation at 70^ to 80^ rose-red tablets of the octa-hydrated salt

are obtained, but at ordinary temperature well-formed crystals of the
nona«hydrated salt are obtained.

(a) 2Er(OH), + SH^eO* Er,(SeO0j + (6H,0)

(b) Er,(SeOi)i + 8H,0 Er*(Se04),-8(Hi0)

(c) Er»(SeO0i + 9H,0 Er,(SeO0.*9(H,O)

P. T. Clevs, K. 8v«n. Vet. Ak. Hsndl. Bih.. 2, No. 12, 9 (1874) lO

£r(OH)t

NH«C1 ni-1632

When erbium hydroxide is boiled in a solution of ammonium chloride

it dissolves slowly.

Er(OH), + 3NH4CI (Era# + 3NH# + 3HiO)

P. T. Clevo and O. M. HCsIund, K. Sven. Vet. Ak. Handl. Pih., 1, No. S, IS (1872) JO

Er(OH),

SO# m-1633

H2O

When sulfur dioxide is passed into water contuning suspended erbium

hydroxide the latter dissolves. Alcohol precipitates a hydrated

mass, probably an acid salt. Heating and crystallising yields deep

red, fine, long needles.

Er(OH)# + 3SO# + 3HtO Er(HSO#)# + 3H#0

P. T. Cleve and 0. M. H&filund. K. Sven. Vet. Ak. Handl. Pih.. 1, No. 8. 37 (1872) 10

A
Er(OH),

IIM53i

Erbium oxide, made by heating erbium hydroxide to a white heat, is

grayish red or rose red in color and less easily soluble in other reagents

than is the oxide made by heating erbium oxalate.

2Er{OH)# + A Er#0> + (3H#0)

P. T. Cleve and 0. M. Hoxlund. K. Sven. Vet. Ak. Handl. Bih., 1, No, 8. 15 (1872) tO
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Er(SCN)i

453

in-1636

Hsr(CN)t . ij

Mixed solutions of erbium thiocyanate and mercu^
TTSuble'lrU

"sporation flat, pale rose-red prisms of the hydrated double salt

erbium thiocyanate mercury cyanide. These l<^ six molecules

water of hydration over sulfunc acid and the rest at 130 .

(a) Er(SCN), + 3Hg(CN), + ^^(3CN)..CH.(CN),)a2H^

(b)

P. T. Cleve. K. Sven. Vet. Ak- lUndl. Bih., S. No. 12, 6 (1874) 10

Er.(C,0.),

(NH,),C:0.

Erbium oxalate is soluble in boiling concentrated solution of ammo-

nium oxalate, with the formation of the double oxalate of erbium and

ammonium.

xErj(Ct04)» + y{NH4)jCi04 {(Eri(C,04)i)x« ((NHOjCsOOy)

P. T, Cleve and O, M. Hftglund, K-Sven. Vet. Ak. Kandl. Bih.. 1, No. 8. ^ (1872)

111-1536

10

Er,(Ct04)»
III-1537

When erbium oxalate is Ignited to a red heat erbium oxide is formed

as a fine powder of yellowish color with a tinge of red. A similar

oxide is formed when the basic nitrate of erbium is ignited-

2Ert(Ci04)e + A + 30, 2Er,0, + (12CO,)

P. T. Cleve and 0. M. Hdglund, K. Sven. Vet, Ak. Handl. Bih., I, No. 8, 15 (1872) 10

CfHfO,

Errf),

1IM538

The oxides of the yttrium group earths can be dissoh'ed in acetic

acid. The acetates afford a rapid method for separating erbium from

the mixture.

(Er,0, + eCtH^O, 2Er(C,H,0,), + 3H,0)

J. Allen Harris and Alan H. Cameron, Trans. Roy- Soc. Can. lllll, 26, 61 (1932) 69
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Er,0,
HBr ni-1639

Erbium oxide dissolves in concentrated hydrobromic acid. Wben tbe
solution is evaporated, first over a steam bath and then over potash
and sulfuric acid, there separate pale rose red, deliquescent, prismatic
needles of the bromide containing nine molecules of water of
h3rdration-

(ft) Er,0, + 6HBr 2ErBr, + {3H,0)

(b) ErBri + 9H,0^ ErBri 9HtO

P. T. CUv« and 0. M. Hdglund, K. Sven. Vet. Ak. Hasdl. Bih., 1, Ko. 8, 20 (1872) iO

ErtOi

HCOOH in-1540

Erbium oxide dissolves in formic acid, the solution yielding rose^red,

warlike aggregates of tightly packed needle crystals of hydrated

erbium formate. The water of hydration is lost at 100^.

(a) Er,0, + bHCOOH 2Er(C00H)i + (3H|0)

(b) Er(COOH), + 2H,0 Er(COOH)i 2H,0

(c) ;|
Er(COOH), 2HtO Er(COOH), + 2H,0

P. T. Clave, K. Sven. Vet. Ak. Hand!. Bih., 2, No. 12. 7 (1874) W

EriOt

HCOOH in-1541

Erbium oxide dissolves in warm formic acid and yields di-hydrated

erbium formate as a heavy, rose-red, crystalline powder.

Er,Oe + 6HCOOH + HiO 2Er(CHO0r2H,O

P. T. Cleve, K. Sven. Vet. Ak. Haodl. Olvers., 87, No. 7, 7 (1880) 10

Er,0,

H(CH,)J>04 m-1642

Pale colored needles of erbium dimethyl phosphate are formed when

erbium oxide is dissolved in dimethyl phosphoric acid.

EnO, + 6H(CH,)J>04 (Er,[(CH0iPOJi) + {3HtO)

J. C. Morgan and C. James, J. Am. Ohem. Soc., 86, 13 (1914) i
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m-1643

Erbium oxide, when in fine powder form, is fairly easily soluble in

acetic acid, forming erbium acetate.

ErjOj + 6HC«H,Oi 2Er(CtH,Ot)i + (3HtO)

P. T. Cleve .nd 0. M. Hoglond, K. Sven. Vet. Ak. H.ndl. Bih., 1. No. 8, 15 (1872)
_ _

/O

Er,0,
1II-1644

Erbium oxide is easily soluble in hydrochloric acid with formation

of erbium chloride.

Er,0, + 6HC1 2ErCI, + (3H,0)

P. T. Cleve end 0. M. Hdglund, K. Sven. Vet. Ak. Hendl. Bib., 1, No. 8, 15 (1873) SO

ErsO)
1IM545

Erbium oxide dissolves In an excess of concentrated hydriodic acid.

Evaporation of the solution over a waUr bath yields unstable

crystalline masses of erbium iodide.

Er,0, + 6HI 2ErI, + (3H,0)

P. T. Cleve and 0. M. H6gluod, K. Sven, Vet. Ak. Handl. Bib., 1, No. 8, 21 (1872) SO

ErtOi

HHOa III-1646

Erbium oxide is easily soluble in nitric acid, forming erbium nitrate.

EriO, + 6HN0,^ 2Er(N0i), + (3H,0)

P. T. Cleve and 0. M. HOglimd, K. Sven. Vet. Ak. Handl. Bib., 1, No. 8> 15 (1872) SO

ErjO:

HNOa in-1647

Erbium oxide dissolves in nitne acid yielding on evaporation pretty,

red, stable crystals of erbium nitrate, probably penta-hydrated.

Er,0, + 6HN0, + 7H*0^ 2Er{N03)r 5H,0

P. T. Cleve, K. Sven. Vet. Ak. Handl. Ofvers., 87, Ko. 7, 4-5 (1880)
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EriO«
HSCN in-1648

Erbium oxide dissolves in thiocyanic aeid. The solution on evapora*
tion over the water bath deports radiated masses of four-sided prisms
of the hexB*hydrated thiocyanate of erbium.

(a) Er,0, + 6HSCN ^ 2Er{SCN), + 3H,0

(b) Er(SCN)i + 6HtO^ Er(SCN)r 6H,0

P, T. Cleve and 0. M. Hdsluod, K. Sven. Vet. Ak. Handl. Bib.f 1, Xo. S, 24 (1 872) W

ErtOj

H,SO« m-16i9

Erbium oxide is fairly easily soluble in sulfuric acid, forming erbium

sulfate.

Er,0, + 3H,S04 EriiSOO* + (3H,0)

P.T. Cleve and 0. M. HdgloDd, K. Sven. Vet. Ak. Hand!. Bih., 1, Xe. 8, lb (1872) JO

EriOi

HsSOi nM650

Erbium oxide dissolves in sulfuric acid yielding on evaporation pretty,

rose-red, well-formed crystab of octa-hydrated erbium sulfate.

ErjOj + BHtSO^ + 5HsO^ Ert(SO<)<’8HsO

P. T. Cleve, K. Sven. Vet. Ak. Handl. Ofvere., 37, No. 7, 4-5 (1880) JO

ErtO»

HjWO* m-1661

NaCl

Erbium oxide, tungstic acid and sodium chloride fused together yield

rose-red, octahedral crystals of the 2:3 double tungstate of erbium

and sodium.

2ErjO, + 9H,W04 + 6NaCl

6H,0 + 6HC1 + (Er,(WO0i)* (NaiWOOi

A. G. HOgbom, K. Sven. Vet. Ak. Hand). Ofven.. 41, Xa. 5. 121 (1884) W
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ErtOi

457

ni-1562
H.PjO

Erbium oxide dissolves in pyrophosphoric acid. After twenty four

hours very small prismatic crystals of erbium pyrophosphate separate

from the liquid.

+ 2ErjO» Er^CPjO?)* + (6H*0)

P. T. CUveand HSglund, K. Svea. Vet. Ak. Hand). Bih., 1. No. 8, 41 (1872)__

Er,0
in-1663

KHSO^

Fused potassium hydrogen sulfate dissolves erbium oxide, even

though the latter has been Ignited till It has become nearly insoluble

in acid, forming the double sulfate of erbium and potassium.

(ft) (2KHSO. — + HsSOi)

(b) (3H»S04 + Er,0*- EriCSO^i + (3HjO))

(c) (Er,(S04), + KtSO* Et,(S04)i‘K,S04)

P. T- Cleve and 0. M. HCglurvd, K. Sven. Vet. Ak. Handl BIh., I, No. 8, 35 (1872) 10

ErtOi

NH4CI
111-1564

When erbium oxide is boiled in a solution of ammonium chloride, the

oxide goes into solution and ammonia is evolved.

Er,Oa + CNH 4CI 2ErCI, + 6NH, -f (3H,0)

P. T. Cleve and 0- M. HSglund, K-Sven. Vet. Ak. Handl. Bih., I, No. 8. 15 (1872) i<)

Er,(S04)i

Ba(BrO,), IIM666

Double displacement of equivalent amounts of erbium sulfate and

barium bromate, separation of the precipitated barium sulfate, and

evaporation of the solution over a water bath and then over sulfuric

acid, forms radiated crystalline masses which fall apart into asbestos-

like, long, fine prisms of erbium bromate containing nine molecules

of water of hydration.

(a) Er,(S04)j + 3Ba{BrO,), SBaSOi + 2Er(Br04)j

(b) ErCBiO,), + 9HtO Er(Br0,)4'9H,0

P. T. Cleve and 0. M. Hoglund, K. Sven. Vet. Ak. Handl. Bih., 1, No. 8. 29 (1872) 10
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Ert(SOi)a

SO 4) j III-1566

Solutions of erbium suJfate and barium ethyl sulfate are mixed, the
barium sulfate filtered off, and the filtrate yields beautiful, fairly large,

well*formed, rose-red crystals of hydrated erbium ethyl sulfate.

EnfSOi), 4- 3Ba(C,H*SO,), + 18H,0
—

»

3BaS04 -f Er*(CiH$)i{S04)i-18Hj0

J. E. Alto, K. Sveo. Vet. Ak. Hand!. Ofvera., $T, No. 8. 41 (1880) jo

Er,(S04)e

Ba(aOa)3 m-1567

Solutions containing equivalent weights of barium chlorate and

erbium sulfate are mixed, the precipitated barium sulfate filtered off,

and the solution evaporated under reduced pressure. Deliquescent,

(hydrated) erbium chlorate crystals are obtained.

EnlSOOi + 3Ba(C10,)t SBaSOi -h 2Er(C10i)i

P. T. Cleve sod 0. M. HSgluDd. K. Sven. Vet. Ak. Handl. Bib., 1, No. 8, 27 (1872) 10

ErriSOi),

Baccioos m-ms
Solutions of erbium sulfate and barium perchlorate, contmning

equivalent amounts of each, are mixed, the precipitated barium sul-

fate filtered off, and the solution evaporated over a water bath.

Transparent, glasslike, crystals of (hydrated) erbium perchlorate

are formed.

ErriSO*), + 3Ba(C104), BBaSOi + 2Er(Cl04)i

P. T. Cleve and 0. M. Hdglund, K. Sven. Vet. Ak. Handl. Bib., 1, No. 8, 2$ (1872) 10
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m-1669
BaPt(CN).

When solutions of erbium sulfate and barium platinum cyanide are

mixed barium sulfate precipitates. The rose-red solution forms dark

red crystals which reflect violetrblue on some faces and green on other

faces, and which consists of hydrated erbium platinum cyanide,

3BaPt(CN).-|-Er,(S0.),-|-2lH,0
,oxts ^ o,ho-> 3BaS04 !-l-

Eri(Pt(CN)0«-2lHjO

P. T. Cleve and O. M. Hi^lund, K. Sven. Vet. Ak. Handl. Bih., 1, No. 8, 25 (1872) 10

Ert(80i)i
ni-1560

Erbium sulfate begins to decompose at 630® and is completely con-

verted into the oxide at 1055®.

(ft) Er,(S04)i EnOfSO, + 2SO#

(b) EriCSOi). ^ Br,0» SOi + 2SOi

(c) Eri(S04)i
—* ErjOj + 3SOj

E. Wedekind sad P. Hsoskoecht. Ber. 54 B, 253 (1921) 44

£r,(S04)4

HIO, in-1561

An excess of warm, dilute solution of iodic acid added to a warm,

dilute solution of erbium sulfate produces a heavy, nearly white pre-

cipitate of erbium iodate. It somewhat resembles silver chloride and

contains three molecules of water of hydration. It is nearly insol-

uble in water.

(a) Er,(SO,)3 + OHIO*^ 2Er(10i)3 + (3H,S04)

(b) Er(IO,)s + 3H:0 Er(IOi), 311*0

P. T. Cleve aad 0. M. H&gluad, K. Sven. Vet. Ak. Handl. Bih., 1> Ko. 8. 29 (1872) 10
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Er,(SO*),

K3SO4 m-1662

Solutions of erbium sulfaU and potassium sulfate, mixed and evapo-
rated over sulfuric acid, yield rose-red, crystalline crusts of tetra-

bydrated erbium potassium sulfate.

Erj(S04)» + KiSOi + 4HjO Bri(S04)»'KtS04‘4H,0

P. T. Cleve, K. Svea. Vet. Ak. Handl Ofven., 87, No. 7, 6 (1880) 10

Er,(S04)i

KiSOi m-i6e3

Wben solutions of equivalent wei^ts of erbium sulfate and of potas-

slum sulfate are mixed and allowed to stand for several days over

gentle heat hard crusts are formed containing the double sulfate of

erbium and potassium.

EriCSOOi + KiSO*

E

tiCSOOj KtSO,

P. T. Cleve and 0. M. Haglund, K. Sveo. Vet. Ak. Handl. Bib., 1, No. 8, 86 (1872) 10

EftCSOOi

MgCU m-1664

Erbium oxychloride is the product obtained when erbium sulfate is

fused with anhydrous magnesium chloride.

Er,(S04)i + MgCl, 2ErOCI + (MgSOi + 2SO,)

K. A. Hofmann, Ber., 47, 238 (1914)

Ref., J. L. Howe, J. Am. Cbem. Soe., 87, 541 (1915) I

Er,(SO*),

(NH*)iS04 m-1665

A concentrated mixed solution of erbium sulfate and ammonium

sulfate yields small, rose-red, flat, prismatic crystals of the hydrated

double sulfate of erbium and ammonium.

Erj(SOi), + (NH4),S04 + ^Er,(804)r(NH4)8S04«8H,0

P. T. Cleve, K. Sven. Vet. Ak. Handl. Bib., 2, No. 12, 10 (1874) SO
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Er,{S04),

NajSO<
in-1666

SpooUneous evaporation of mixed solutions of erbium sulfate and

sodium sulfate yields rose-red crystalline masses of the hydrated

double sulfate of erbium and sodium.

Eri(S04)# + SNaiSO* + 7H,0 ErjfSOOr (Na2S04)r THjO

P. T- Clevt, K. Sven- Vet- Ak. HendJ. Bih., 2, No. 12, II (1874) to

Er,(S04)i

NajSeOj m-1687

Sodium selenite precipitates from erbium sulfate solution nona-

hydrated normal erbium selenite as a white to rose-colored amorphous

powder.

Er,(S04)t + 3Na*SeO, + 9H,0 Er<(Se0«)r9H80 + (SNajSO^)

L. F. NilsoD, Nova Acta Soo- Uppsal. (3|, 9, No. 7, 90 <1874) iO

Er,(804),

Pb(CH* SO,), III-1668

Solutions of erbium sulfate and lead methyl sulfate are mixed, the lead

sulfate Altered off, and the filtrate yields long, red, fragile, very

deliquescent needles of hydrated erbium methyl sulfate.

Er,{804), + 3Pb(CH,S04), + 18H,0
-3PbS04 + Er,(CH,)i(S04)« ISHaO

J. E. A14d, K. Sven. Vet. Ak. Hand!. Cfven., $7, No. 8, 28 (1880) W

Er,{SeO,)i

SeO, * m-1669

H,0

When norma) erbium selenite is digested with selenium dioxide in

water at 60^ the 1:1:3 hydrated erbium hydrogen selenite forms as an
insoluble, microscopic crystalline powder.

Er,(8eO,), + SeO, + 4lliO Er:(8eO,), H,Se0r3H,O

L. F. NiboQ, Nova AcU Soc. Uppsa). (3|, 9, No. 7, 91 (1874) w
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Eri(SeO«)t

KzSeO* in-1670

Evaporation of a concentrated mixed solution of erbium selenate and

potassium selenate yields wart-like clusters of small, rose-red crystals

of the hydrated double selenate of erbium and potassium.

Er,(Se04)i + KjSeO^ H- 8H,0 Er,(Se04)rK,Se04'8H,0

P. T. Clev«, K. Sven- Vet. Ak. Haodl. Bih., 2, No. 12, 9 (IW4) lO

ErifSeOi)!

(IIH4)4Se04 ra-1671

Mixed solutions of erbium selenate and ammonium selenate jdeld

aggregates of small needle crystals of the hydrated double selenate of

erbium and ammonium.

Er,{Se04)i + (NH05eO4 + 4H,0
Er,(Se04)r(NH4)iS€04'4H,0

P. T- Cleve, K. Sveo- Vet. Ak. Handl. Bib., 2, No. 12, 10 (1874) lo



EUROPIUM

PbClj

EuCU
IIM672

Buropous chloride in hydrochloric acid solution precipitates a black

colloidal suspension of lead from lead chloride.

2EuClt + PbCU 2EuClj + Pb

H, N. McCoy, J. Am, Chem. Soc., W. 2280 <1836)

H«SO«

EuCIt

IIM673

Divalent europium sulfate is formed by electrolytic reduction of

europium chloride in the presence of sulfuric acid.

2EuCU + 3H,S04 -• 2EuS04 + (6HC1 + SO, + 0,)

L. F. Yntems, J- Am. Chtm. Soc., 62, 2782 (1030)

Hughes and I^arce, J. Am. Cbcm. Soc., 66, 3277 (1933) i

EuCI,

Za rir-1574

In the Jones reductor trivalent europium as the chloride is reduced to

the divalent form.

2EuCI, + Zn 2EuCl, + ZnCl,

H. N. McCoy, J. Am. Cbem. Soc.. 68. 1577 (1936) Iff

Eu(NO,),

HsSO* m-1676

A solution of europium nitrate, treated with a slight excess of pure

sulfuric acid and then added to a large amount of 95^ ale., is com-
pletely transformed into the sulfate octahydrate, a silver-white,

fine crystalline needle precipitate. It becomes anhydrous when
heated to 300^.

2Eu(NO,), + 3H^04 + 8H,0 (6HNO,) + Eu,(SQ4)r8H,0

G. Jaotsch, Compt. read., 146, 474 (1908) s$

463
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Eu(OH),
HCOOH ni*1676

Europium formate is formed when europium hydroxide is dissolved

in dilute formic acid.

2Eu{OH), + 6HCOOH Eut(HCOO>* + 6H,0

C. James sod J. E. Robmson^ J. Am. Chem. Soc., 759 (1913) /

£uiO»
HCl ni-1677

Europium trioxide in a quarts reaction flask dissolves in redistilled

hydrochloric acid and conductivity water. A mixture of nitrogen

and hydrogen chloride is passed in from a purifying train keeping

flask temperature at 95^. A crystalline salt is formed.

(Eu,0, + 6HC1 2EuCI, + 3HiO)

E. L. Meyers and B. 8. Hopkins, J. Am. Chem. Soe., 67, 241 (1986) 8

EutOt

HNO» in-167S

The nitrates afford a rapid method for the concentration of europium,

terbium and gadolinium from an yttrium^oup mixture.

(EutOi + 6HNO,^ 2Eu(NOt)i + 3H,0)

J. Allen Harris and D. E. Wyllie, Trans. Roy. Soc. (Canada) [lilt 26, 68 (1932) 16

EufOi

HjSO, m-1679

The trivalent europium sulfate is produced when europium oxide is

dissolved in dilute sulfuric acid and evaporated to dryness on a steam

bath.

EuiO, + 3H,S04 Eu,(SO,)t + (3H,0)

G. Hughes and D. W. Pearce, J. Am. Cbem. Soe, 66, 3277 (1933) I



FLUORINE

AgF

CHI,

Silver fluoride reacts at slightly elevated temperatures with iodoform

in the presence of H,0. Silver iodide and hydrogen fluoride are

formed and carbon monoxide is released.

3AgF + CHIi + H,0 -* CO + 3HF + 3AgI

0ecb8Q«r de Coninck, Bull. soc. chim. (France) (41. 6» 62 (IftOO)

AgF
KOH nuim

At a light red heat, silver fluoride is decomposed by potassium

hydroxide.

(2AgF + 2KOH 2KF + AgtO + H,0)

Prat.. Compt. rend.. 66, $45 (1867) Slf

Ag,Ft

CHh II146S2

Iodoform will react with silver fluoride to produce a gas, fluoroform.

2CHI, + 3Ag,Ft 2CHF| + 3Ag,Ii

V. Auger, Bull. boc. chim. 14), 6, 6 (1909) St

AsFi
WCle 111-1683

Arsenic trifluoride reacts with tungsten hexachloride.

2A8F, + WCl, 2AsCl, + WF,
MitscherUch, Po^. Ann., 69, 94 (1843) £$

465
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BaSiF«
NftOH UM684

A dilute solution of sodium hydroxide will dissolve a precipitate of

barium fluosilicate as indicated.

BaSiFi + 4NaOH^ BaF* + 4NaF + Si{OH)*

R. H. Carter, Aaal. £d^ U6 (1991) U

CH,F
e m-lS85

If methyl fluoride is subjected to an electric difference of potential

sufficient to produce sparks, it decomposes yielding hydrogen, carbon

and hydrogen fluoride.

4CHJ!‘-*2H, + 4C + 2HtF,

J. N. Collie, J. Chem. So«. (UndoD), 89:8, UlS (1004) t09

t

CH,F

When methyl fluoride is sparked above mercury at ordinary pressures,

carbon, hydrogen and hydrogen fluoride are formed.

4CH,F^ 4C + 4H, + 2HiF,

J. N. Collie, y Chem. doc. (London), 86: 8 1318 (1904) lOS

CeHjNHiHF

HNOj in-1687

A good method of introducing fluorine in the benzene ring is to treat

aniline hydrofluoride with nitrous acid, and then heat the diasonium

compound formed.

(a) C«H,NH,HF + HNO, CfHsNtF + 2H,0

(b) C,H»NiF + A CiHtF + N,

Reed and Finger, Cbem. Ind., 39, 579 (1936) ^4
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F'

467

SiOi
in-1588

HtO

F' sod SiFi' are determined with an accuracy of I% by acidifying the

solution with a known excess of HCl and titrating with KOH and

KsSiOj, using suitable indicators. The method is based on the

reaction

6F- + SiOi + 2H,0^ SiF7 + 40H-

W. Geffckea and H. Sunsnn, Z. and. Cbem., 114. 51-21 (193S)

Ref-. Cer. Abst., 18, 115 (1839)

Ft

Au 111-1589

Fluorine acts on gold.

[3Ft + 2Au 2AuFi)

Prat^ Compt. rend., 66, 346 (1867) S9

F,

B IIM590

Fluorine unites with boron.

(3F, + 2B 2BFi)

prat, Compl. rend., 65. 346 (1867) 29

F,

Br“ 1IM591
Fluorine removes bromine from its compounds.

(F, + 2Br--.2F- + Br,)

Prat, Compt. rend., 66. 346 (1867) 29

F,

Br, III-1592

Bromine trifiuoride is formed by passing fluorine over bromine.

3Ft + Bri-^2BrFj

G. L. Clark. J. Am. Cbem. Soc., 41. 1478 (1919)
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F,

Brs m-1693

Fluorine is passed into liquid bromine contained in a flask cooled

in solid carbon dioxide, yielding bromine trifluoride.

3F* + Br*^ 2BrFj

P. Lebeau, Ann. cUm. phys. [VlII], 9, 231-52 <1906) lOO

F,

C 1II-1594

Gaseous fluorine reacts with finely divided carbon at room tem-

perature to give a mixture of carbon tetrafluoride and ethylene

tetrafluoride.

(a) 2F, + C-^CF*
(b) 2F, + 2C-^CtF,

B. Humlatoa, J. Pbys. Chem., 2S, 573 (1919) 88

F,

CHi)tCO in-l696

Mixed acetone and fluorine vapor ignite spontaneously—explosively

if acetone is present in excess.

{CH,),CO -h 6F, CF, + CtF* + 2H,F, + (HtO)

B. Huautoa, J. Pbys. Cbem., 2S, 574 (1919) 88

F,

COCla m-1696

Id the vapor state at 200^C the chlorine in phosgene can be substi-

tuted by fluorine.

COCl, + F, COFi + Cl,

B. HunistOD, 8. Pbys. Cbem., 89. 573 (1919) B8
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F,

in-1697

(joth substitutes and decomposes tetrachloroethylene at

temperature.

C,C1. + 2F, -» C,F< + 2C1,

* C,Cl4 + Cl. -* C,C1,

C.F4 CF4 + C
(^)

B Humieton, J- Phye. Cbem., 23, 577 (1919) 8S

F»

Co^
Fluorine is SQ oxidising agent. Cobaltous salts are

cobaltic salts.

+ Fi- 2C0+++ + 2F-.

F. FichUf, Z. Elektrochem-, 83, 514 (1927)

in-1698

oxidized to

Ft

HCl
IIM599

Fluorine decomposes hydrogen chloride.

(Ft + 2HC1 2HF + Gi)

Prat, Compt. rend., 65, 346 (1867) 29

F,

HNOi m-1600

An explosive gas forms when fiuorine reacts with moderately dilute

nitric acid.

Ft + 2HNOt^ 2NOJ + (Ht)

G. H. Cady, J. Am. Cbem. Soc-, 66, 2636 (1934)
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Fluorine decomposes water at once at ordinary temperature.

(a) (2F, + 2H,0 -* 4HF + 0,)

(b) (3F, + 3H,0 -* 6HF + O,)

Ttti, Compt. rend., $6, 346 <1867)

m-1601

H,0
F,

m-1602
If water is dropped into gaseous fluorine the whole of the vapor
assumes a deep blue color due to the formation of osone» which is blue
when concentrated.

3F, + 3H,0-*3H,F, + 0,

F. M. P«Tkin, Traoa. Faraday Soc., 4, 81 (1908) 6$

Ft
H|0 m-1603
NaOH

Oxygen fluoride is produced by the reaction of fluorine with cold
water or with a cold solid hydroxide of sodium, potassium, or calcium.

(a) (3Ft + 3H,0^ OF, + H,0, + 4HF)
(b) (2F, + 2NaOH OF, + 2NaF + H,0)

G. H. Cady, J. Am. Cham. Soc., 87, 246 (1938) s

F,

Hg m-1604

Fluorine was absorbed by bubbling through mercury, forming
mercuric fluoride.

Hg + F, HgF,

C. Cuthbertaon and E. B. R. Prideau, Trana. Roy, Soc. (London), SOSA, 322
(1906)
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III-1606

Fluorine eliminates iodine from its compounds.

(F* + 2I“'^2F- + li)

Prat, Carapt. rend,, W, 346 (1867)

IIM606

Iodine pentafluoride is formed when fluorine is passed over iodine.

5Fi + Ij ^ 2IFa

G. h, Clark, J. Am. Chcm. So«-, 41, H78 (1019)

P*
ni-ieo7

Nitric oxide was mixed with an excess of fluorine in a porcelain tube

and cooled to -80^C. Nitrogen dioxyfluoride and nitrogen were

formed.

4NO + Ft-»2NOtF + Nt

H. Moiaaan and P- Lcbeau, Ann. chim. pbya. (VI III, 9, 229 (1906) iOO

NaOH ***

Fluorine was absorbed by bubbling it through sodium hydroxide solu-

tion, forming sodium fluoride.

2F, + 4NaOH ^ 4NaF + 2H*0 + 0,

C. Cuthbertson and E. B- R. Pridcau, Traoa. Roy. Soc, (London), 205A, 322

(1906)

111-1608

III-1609

Fluorine was absorbed by passing it over lead fllings, forming lead

fluoride.

Pb + Ft^ PbFj

C. Cuthbertson and E, B. R. Prideau, Trans. Roy. Soc. (London), 266A, 322

(1906)
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Pt
F,

Fluorine reacts with platinum.

(Fi+Pt-^PtF,)

Prat, Compt. read.. 66, 646 (1867)

m-ieio

Se
F,

m-1611

Fluorine at room temperature reacts only partially with selenium
metal.

(a) 2Ft + 8e SeF«

(b) 3Ft + Se-^SeF,

B. Humistoa, J. Phy$. Cbem., 88, 573 (1919)

F,

Si in-1612

Fluorine unites with silicon and with other metals.

(2F, + Si^SiFO

Prat, Compt. rend., 66, 346 (1867) eS

F,

e m-1613

The chemical action of fiuorine on aqueous solutions is the electrolytic

anode reaction plus secondary effects due to the hydrofluoric acid

formed. Persulfates are formed from acid sulfate solutions, per-

phosphates from phosphate, etc.

(a) 2KHSO4 + Fi -* ,Oi + 2HF
(b) NaJHD^ + H,0 + F, 2HF + NajPOt

(c) 2KHCO, + Ft 2HF + K,C,0»

(d) 2C0SO4 + HtS04 + F, Co,(SOi), + 2HF
(e) 2MnS04 + HjSOt + F, MmCSOO, + 2HF
(f) Mn,(S04)i + 8H,0 + 4Ft^ 2HMn04 + 3H^04 + SHF

(g) H,Cr04 + H,0 + F,^ 2HF + HiCrOi

(h) dHtCrOi + 12HF ^ 4CrFt + 10H,0 + 60,

N. C. Joaea, J. Pbys. Chom., 33, 820 (1929) 85
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HF

473

in-1614
(COOK)j

3 grams of neutral potassium oxalate and 2 grams of pota^mm

fluoride are dissolved in warm 40% hydrofluoric acid. The solution

is allowed to stand over phosphorus pentoxide. Colorless crystals of

a double compound separate.

A similar reaction occurs when this reagent is treated with rubidium

oxalate or ammonium oxalate.

(COOK), + 2HF- HC,0,K HF + KF

It. WeiQlwd and W. StUI#, Ann., 328, 151 (1903)
^

HOCl

HF
in-1616

By pouring a dilute solution of hydrogen fluoride into a solution of

hypochlorous acid, fluorine chloride is obtained as a gas having a color

more intense than that of chlorine.

{HF + HOCl FCl + H,0)

Prat, Compt. rend.. 63, 346 (I867J

e

H,0

HF KF
m-i6ie

When an aqueous solution of H,F, or a fluoride is electrolysed, it is

reasonable to expect osone, H,0,, or hypofluorite as the products of

the action of the nascent fluorine on water. The first of these has

been detected, but only in small amounts; while the other two were

not observed.

3F, + 3H,0 3HJ’, + 0,

E. B. Prideau, Trans. Faraday 8oc., 2, 34 (1906) 8$
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HSO*F
CH9C00H ni-1617

CjH^COOH

A mixture of glacial acetic acid and fiuosulfonic acid is distilled from
a platinum retort. The fractional distillation of the distillate at 20 *

5^

3ields pure acetyl fluoride. The same type reaction occurs with
propionic acid.

(a) HSOJ? + CH,COOH CH,COF + HiSO.

(b) HSOJ + CiHiCOOH CiH^COF + HtSO*

WUbelm Traube aad Anna Krahmer, Ber., 6t:8, 1293 (1919) t$

HSO,F
ClCHsCOOH m-1618

CI2CHCOOH
Monoohloroacetic acid will react with fluoaulfonic acid yielding

moDochloroacetyl fluoride. The same type reaction occurs with

dicbloroacetic acid.

(a) HSOiF + aCHtCOOH ClCH,COF + H^O«
(b) HSOiF + CliCHCOOH CItCHCOF + HtSO,

Wiibalm Traube and Anna Krahmer, Ber., 1293 (1919) t8

HJi
B2O9 ni-iei9

Boric oxide is weighed into copper vessel. Anhydrous hydrogen

fluoride is passed in until an increase in weight is produced corres-

ponding to slightly less than theoretical requirement.

The absorption is very rapid throughout and heat is liberated. Boron

fluoride is formed but remains in solution as long as the reaction vessel

is cool. The liquid is decanted from the excess boric oxide and

distilled.

4BtOi -I- 9H|Fj-*6(HBOi HiF,) + 2BFa

F. J. Sowa, J. W. Kroeger, and J. A. Nieuwland, J. Am. Chem. Soc., ST, 454 (1936) S
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HBO
in-1620

Anhydrous hydrogen fluoride is passed into a previously hea^d equi-

molecular mixture of orthoboric acid and boric oxide. Dihydroxy-

fluoboric acid is obtained on subsequent distillation.

HBOj + HiFt-* (HBOj HiFi)

F. J. Sowa, I W. Kroegcr, and J- A. KteufrUnd. J. Am. Chem. Soe., 454 (1935)

K.OH

A sample of the mixed acids, hydrofluoric and fluosilicic, is first

treated with potassium nitrate^ then titrated ice cold with sodium

hydroxide using phenolphthalein as indicator.

(a) H,Fi + 2NaOH 2NaF + 2H,0

(b) HjSiFe + 2KNO, + 2NaOH ^ KtSiFi + 2NaN0* + 2Hj()

Brinton, Berber and Stoppel. Ind. Eos. Chem., 16, 1080 (1923)

H.F,
IIM622

Liquid hydrogen fluoride will react with liquid sulfur trioxide yielding

a colorless liquid fluosulfonic acid.

H,F, + 2SO, + 2SO,HF

T, E. Thorpe and W. Kirman, Z. anorg. Chem., 8, 83 (1893)

H,F,

SiO: ni-1623

When hydrofluoric acid acts on silicon dioxide, silicon tetrafluoride

and water are formed.

2H|F, + SiOi^ SiF< + 2H*0

J. K. Collie. J. Chem. Soc. (londoD), 85. 1318 (1904)
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HtF,
« in-1624

If methyl fluoride is sparked by an electric arc for about five minutes
in the presence of glass the hydrofluoric acid formed attacks the
glass and converts the silicon dioxide to silicon fluoride which is

changed to free siUcon and hydrofluoric acid by the free hydrogen
present.

(a) 2H,F, + SiO, SiF« + 2HtO
(b) SiF* + 2H, Si + 2HtF,

J. N. Collie, J. Chem. Soc. (London). a$:2. 1318 (1904) I08

HiSiFi
CftCl, III-1626

NaOH

Orthosilicic acid is produced when fluosilicic acid is titrated with

sodium hydroxide in presence of an excess of neutral calcium chloride

solution.

HjSiFi + 3CaClt + 6NaOH ^ 3CaF* + ONaCl + H*SiO, + 2H|0

Schucbt and M&Uer, Ber., 39, 3693 (1906)

Ref.. I Am. Chem. floe. 30, 439 (1906) /

HiSiFi

Kci in-i62e

NaOH

Fluosilicic acid may be determined quantitatively by adding ice and

an excess of potassium chloride, then titrating with sodium hydroxide,

(a) HtSiFi + 2KCI K^iF, + 2HCI

(b) HCI + NaOH NaCl + Hrf)

Katherine K. Worthington and Malcolm M. Haring, Anal. Ed., 8, 7 (1931) 44

H^iFe
NaOH m-1627

Neutralization of fluosilicic acid proceeds as follows.

HjSiF, + 6NaOH 6NaF + ^, + 4H,0

Katherine K. Worthington and Malcolm M. Haring, Anal. Ed,, 3, 7 (1931) 44
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H^iF.
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NaOH
II1-1628

A mixture of hydrofluoric and hydrofluosilicic acids may be deter-

mined by adding potassium nitrate and flrst titrating ice cold with

sodium hydroxide, using phenolphthalein as indicator, and then the

titrated solution heated to about 80*C and agmn titrated to pink end

poi&t.

HiFt + 2NaOH- 2NaF + 2HiO

(b) H,SiF. -I- KNO, -I- 2NaOH - K,SiF, -|- 2NaN0, + 2H,0

(c) KiSiFi + 4NaOH 4NaF + KiF* + Si(OH)4

BrintOD, Sarver aud St^ppel, Ind. Eng. Chem., 14, 1080 (1923>

KaOH

H^iF«
m-im

Sodium hydroxide converte fluosillcic acid quantiUtively into Bodium

fluoride.

HiSiFi + ONaOH 6NaF + H4Si04 + 2HjO

W. C. Scbumb and E. U Oambie, J. Am. Chem. Soc., 64, 580 (1932) id

MCI,

HCl

KF
m-i6do

When a neutral solution of potassium fluoride is added to an aqueous

solution containing aluminum chloride and hydrochloric acid, the

aluminum chloride is decomposed into two stable compounds, neutral

to phenolphthalein.

AlCli + 6KF + xHCl A1F,-3KF + 3KCI + xHCl

Walter Green and 8. R. Baker, Anal. Ed., 17, 361 (1245) 44
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KF
Al(OH), ra-1631

Aiuminum hydroxide, fonned by the Deutralisation of a solution of an
aluminum salt to the phenolphthalein end point, reacts with potas*
Bium fluoride to liberate three moles of potas^um hydroxide per mole
of aluminum. The reaction is practically instantaneous in the
presence of sodium potassium tartrate.

(a) Ai+++ + 30H-^ Al{OH)i

(b) Al{OH)i + 6KF AlFt 3KF + 3KOH
L. J. Snyder, Anal. Ed., 17, 37 (IMS) 44

KF
KHOi in-1632

MnO,

By heating one part of potassium fluoride with five parts of potassium

nitrate, or with two parts of manganese dioxide, oxygen and fluorine

are given off. It is necessary to use a platinum retort. The oxygen

can be removed by passing the gas through heated barium oxide.

(a) (2KF + 2KNO,^ F, + Oi + 2K,0 + 2NO)

(b) (4KF + 4MnOt 2F| + Ot + 2K|0 + 4MnO)

Prst., Cnmpt. rend., 06, 343, 511 (1867) t9

(KF),HF PbF*

H)0 ni-163d

Tripotassium lead hydrogen fluoride is quantitatively hydrolyzed

by water.

2{(KF)* HF PbF^l + 4H»0 3KiF» + 5H,F, + 2PbOt

G. L. Clark, J. Am. Chem. 8i>c.. 41, 1484 (1010) I

{KF),HF PbF^
in-1634

Free fluorine is prepared when tripotassium lead hydrogen octa*

fluoride is decomposed by beat above 2500^.

2((Kr)aiF PbF*)— 3F, + H»F, -f (2KtPbF, + KJ,)

B. Brsuner, J. Chem. Soe., (LoDdoo), 05, 393 (1804) /
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KHF,

479

III-1636

Fluorine was produced by Moissan’s method. Potassium fluoride is

dissolved in liquid hydrogen fluoride and electrolysed, producing

fluorine gas at the anode, and hydrogen at the cathode.

(a)
2KF -» 2K + Pi

(b) 2K + 2HP^ 2KF + H,

C- CuthberieoQ and E. B. B. Prideau, Trans. Roy. 8oc. (London), 20BA, 322

(1906)

KHFt
1II-1636

Potassium hydrogen fluoride was electrolysed to form fluorine. The

fluorine was then passed over carbon in the form of Norit to prepare

carbon tetrafluoride.

2KHF,^ (2HP) + (2K) + F,

2K + 2HF (2KF) + (H,)

C + 2F,-»CF4

W. Cawood and II. 8. Patterson, Tmna. Roy. Soc. (London), 238A, 77-102

(1937)

(a)

(b)

(C)

KHFi
in-1637

Hydrofluoric acid is formed when potas^um hydrogen fluonde is

heated in a platinum vessel.

2KHF,-»H,F,+ (K,Fa)

Freioy, Ann. Phys. (3), 47, 5 (1S66)

N, H. Furman, J. Am. Cbetn. Soc., 40, 907 (1013) I
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KSO,F
CeHftCHt • CH) COONa in-1638

CeH^CHrCOONa

The dry mixture of potassium fluosulionate and sodium hydrocinna*
mate is distilled quickly from a copper retort. Impure hydrociu-
namyl fluoride, a liquid, is formed which can be purified by distilling

in vacuum. The same type reaction occurs with sodium phenyl
acetate.

(a) KSOjF + C^H^CH^ CH, COONa
C,H*CH, CH, COF + KNaSO,

(b) KSO,F + C«H,CH, COONa-^ C,H|CHt COF + KNaSO*

Wilhelm Traube tod Anot Krthmer, Ber., (3:3, 1293 (1(19) £8

KtSiF«

KOH m-1638

Potassium fluosilicate reacts quantitatively with aqueous potassium

hydroxide as shown by the following equation:

K^iFi + 4KOH 6KF + SiOt + 2H,0

Travere, Compt read., 173, 714 (1921)

Ref., C. M. Smith, £. H. Hamilton, and i. L T. Graham, J.A.O.A.C., 14, 2(3

(1931) 18

KtSiFi

NaOH m-1640

A solution of potassium fluosilicate heated to about SO^C and titrated

with sodium hydroxide, using pbenolphtbalein as indicator will give

sodium fluoride, potassium fluoride and orthosilicic acid.

KiSiF, + 4NaOH ^ 4NaF + 2KF + H*SiO<

Brinton, Server and Stoppel, Ind. and Eng. Chem., 1(, 1080 (1923) t$
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MF
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IIM641

Fluorine polyhalides of cesium, rubidium, potassium and ammonium

may be prepared by mixing in the cold a saturated aqueous solution of

the alkali fluoride with a saturated solution of iodine trichloride.

Brilliant yellow crystals separate, which are further purified by

recrystallisation. The salte are fwriy sUble and are best stored over

crystals of iodine trichloride.

MF + ICI| MPlCli

H. 8. Booth, C. F. SwiQcbart and W. C. Morris, J. Phys. Cbem., 38, 2783 (im) 8S

NOjF

KiO
111-1842

Nitrogen dioxyfluoride added to water forms nitric acid and hydro-

fluoric acid.

2NO,F + 2HtO ^ 2HN0, + H,Fi

H- Moimn and P. Lebeau, Ann. chiro. phyt., (VUI|, 3, 232 U&06)

HiO

NOiF
t

Nitrogen trioxyfluoride reacts with water to produce oxygen.

2NO,F -f 4HtO 50, + (H,F, + 2NH,)j

G. H. Cady, J. Am. Cbem. Soc.. 66, 2636 (1934)

1II-1643

NO,F
1IMS44

Iodine is liberated when nitrogen trioxyfluoride reacts with potassium

iodide.

2N0aF + 2KI 2KN0, + (I, + F,)

0. H. Cady, J. Am. Cbem. Soc., 66, 2637 (1934)
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NOiF
m-1646

The reaction of fluorine with moderately dilute nitric acid produce
a gaseous compound NOJ which reacts as follows with solutions of
potassium iodide.

NO»F + 3KI ^ KI| + KF + KNO,
O. H. CAd3

r, J. Am. Cbem. Soc., 66, 2637 <1934) je

KOH
NOiF

m-164d
The reaction of fluorine with moderately dilute nitric acid produces
a gaseous compound, NO|F, which reacts with solutions of potassium
hydroxide as follows:

NOjF + 2KOH *0, + KT + KNOi + H,0

G. B. Cady, J. Am. Cbem. See., 66, 2637 (1934)

NaF
Hci ra-ie47

Sodium fluoride is converted into the chloride by heating in dry
gaseous hydrochloric acid.

2NaF + 2HC1 2NaCl + (HtFt)

Baxter, Moore, and Boylston, Proo. Am. Acad.. 47, SflS

Kef., F. W. Clarke, J. Chem. Soo. (Loadon), 101, 1830 (1912) 57

NaP
MgOH m-164S

By the action of magnesium hydroxide on sodium fluoride, sodium
hydroxide and a double fluoride of magnesium and sodium are

formed.

5NaF + 2Mg(OH),
-4NaOH + NaF-2MgFt (“MgOHO”) C'NaOHO*^)

Ch. Tiseier, Compt. reod., 66, 849 (1863) 99
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PbCL

Id determining fluorine the /oUowmg reaction was used,

NaF + PbCIt- PbFCl + NaCI

I, Tanwjaev. Z. anal. Chcm., 99, 18-21 (1934)

M., Cer. Abst., 14, 174 (1935)

III-1649

le

SiF4

NaF
ni-1660

A method for the determination of fluorine is based on the decomposi-

tion of many fluorides by concentrated sulfuric acid and silica, the

fluorine liberated as Si?

4

is absorbed in NaF.

2NaF + SiF* Na,SIF»

Shinkai, J. 8oe. Chem. Ind. (Japan), 39, 162B (1935)

Ref., Cer. Ahet.» 16, 44 (1937)

$IO{

HCl

NaF
IIM651

Silica is converted directly into a fluosilicate by treatment with a solu-

ble fluoride and acid in aqueous solution.

6NaF + SiO, + 4HC1 - Na,SiF, + 4NaCI -I- 2H,0

Travers, Compt. reod., 173, 714 (1921)

Ref., 0. M, Smith, £. H. Hamilton, and J. J. T. Graham, J.A.O.A.C., 14, 253

(1931)

NaHF,
NaOH in-1652

Sodium bifluoride is neutralised by sodium hydroxide.

NaHF, + NaOH — NatF, + H,0

Dinwiddie, Am. J. Sci. [(4)], 42, 421 (1916)

H. Fiisik, Ind. Eog. Chem., 17. 307 (1925)

Ref., L. Hart., Anal. Ed., 1, 135 (1929) SS
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A

N,

NaHF,

in-1663

Pure sodium fluoride is formed when sodium hydrogen fluoride is
heated in nitrogen or air.

2NaHF,^ Na*F, + (HiF,)

D. J. McAdwn, Jr. aod E. P. Smith, J. Am. Cbea. Soc., 84, 69$ (191$) i

Na^iFi

ni-1664

VariabJe results and foliage injury attending the use of commercial
sodjum fluosilicate as an insecticide is due to the presence of varying
quantities of sodium fluoride or sodium carbonate which would produce
sodium fluoride, a compound injurious to delicate foliage.

NatSiF. + 2Na,CO, + H,0 6NaF + H^iO, + 2COt

R. C. Roark, Seienee, 63, 4$1 (1926) ai

NaiSiFi

KCl m-1666

Sodium fluosilicate is converted by potassium chloride in aqueous
solution into the less soluble potas^um fluosilicate.

NaiSiF. + 2KCI K^iF4 + 2NaCl

Travers, Compt, read., 173, 714 (1921)

Ref., C. M. Smith, E. H. Hamiltoa, and J. J. T. Graham, J.A.O.A.C., 14, 263
(1631) is

SOCIF
Hg ni-1666

When thionyl chlorofluoride is treated with mercury at room tempera-

ture, two reactions take place, (a) being faster than (b).

(a) 2SOC1F -h (Hg) SOCI, + 80F,

(b) 2SOCU + 3Hg 2HgClt + HgS H- SO,

H. S. Booth and F. C. MericoU, J. Am. Cbem. Soe., 62, 640 (1940) S
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SOjHF
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nM657

Sulfuryl difluoride is formed by distilling fluosulfonic acid,

2SO,HF SO,F* + HjSOi

T B- Thorpe aad W. KiniiiB» Z. anorg. Chetn., 3* 63 (1893)

SbF,

SOjClj
nM668

SbCl:

Inorganic chlorofluoridea are prepared from the heating of a non-polar

chloride with antimony triftuoride in the presence of an antimony

pentahalide as a catalyst.

SbF, + 3SO,CU + (SbGO SbCl, + 3S0,C1F + (SbCU)

H. S. Booth and C. V. Herrmann, J. Am. Chcm. Soc., 68, 63 (1936)

TeF»

H^O IIM66B

If the gas tellurium hexafluoride is confined over water for a period

of time (10 to 12 hours) it forms telluric acid and hydrofluoric acid.

The telluric acid breaks down into tellurium trioxide and water.

(a) TeF* + 4HiO ^ H,Te04 + 6HF

(b) H,Te04 TeO, + H,0

E. B. R. Prideaux, J. Cbem. Soc. (Undon), 89, :1 322 (1906)

ZnSiF«

HaOH ni-1660

HtO

The fluosilicates of amphoteric substances react with alkaline solu-

tions as follows.

(a) ZnSiFj + 4NaOH ^ ZnF, + 4NaF + 2H,0 H- SiO,

(b) ZnF, + 2H,0 ^ Zn(OH)t + 2HF

(c) HF + NaOH NaF -h H,0

(d) Zn(OH), + 2NaOH NatZnOj + 2H|0

Katberine K. Wortbingtoa and Malcolm M. Haring, Anal. Ed., 3, 7 (1931) 44



GADOLINIUM

Gd(BrO«)t

in-l661
Gadolinium bromate is converted into the oxalate by oxalic acid.

2Gd(BrO,)* + 3H,C,04 Gd,(C,0*)i + 6HBrO,
D. W. Biuell and C. Jain6a> J. Anj. Cham. 8oe., $B, S73 (1915) I

AuCl,
GdCla

m-ieea
Solutions of gadolinium chloride and gold chloride yield on evapora^
tion yellow, well-formed crystals of deca-hydrated gadolinium gold
chloride.

GdCI, + AuCla + lOHiO -4 GdCla Audi 10H,O

C. Basedicka, K. Sv. Vet. Ak- Hindi. Ofveii.. 55, No. 7, 725 (1899)

GdCIi
HaCtOi III-1663

Deca-hydrated gadolinium oxalate forms a crystalline precipitate,

probably best from a solution of oxalic acid and gadolinium salt

solutions.

2GdCl, + 3H,C,04 4- lOH^ Gdi(CtOOrIOHtQ 4- {6HC1)

C. Beaedicke, K. Sv. Vet. Ak. Hiodl. Ofveis., 66, No. 7, 732 (1899) JO

GdCli
PtCU m-1664

Gadolinium chloride and an excess of platinum tetrachloride yield on
evaporation fairly stable, yellow, needle crystals of the deca-hydrated
double chloride of gadolinium and platinum.

GdCI, 4- PtCI* + lOHiO GdCl, PtCl4 lOHiO

C. Benedicks, K. Sven. Vet. Ak. Hindi. Ofven., 65, No. 7, 725 (1899) 10

486
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Gd(NO,):

CfiiO
ni-1666

2 5 grams of gadolinium nitrate are dissolved in water and converted to

the hydroxide by the addition of ammonium hydroxide. The solu-

tion is cooled and somewhat more than the calculated amount of

raalonic acid added. This solution is allowed to stand a short time

and then heated to boiling. Gadolinium malonate crystallises from

the solution with eight HtO.

(a) Gd(NO,)j + 3NH40H - Gd(OH), + SNH^NO,

(b) 2Gd(OH)j + 3C|H<0| (CjH,04)jGdi + CHiO

H. Erdmann and F. Wirth, Ann., 361» 204 (1908)

Gd{NO,),

KaCo(CN),

Gadolinium cobalticyanide precipitates when hot solutions of gado-

linium nitrate and potassium cobalticyanide are mixed.

2Gd(NO,)* + 2K,Co{CN)» +• 9H,0
Gdi(CoCtN>)r9H<Q -h (6KNO,)

C. Jamas and P. S. Willard, J. Am. Chem. Soe.. 38, 1498 (1916)

111-1686

Gd(NO»)i

NHiNOj IH-1667

Mixed solutions of gadolinium nitrate and ammonium nitrate yield

extremely deliquescent, long prisms of hydrated gadolinium ammo-

nium nitrate.

xGd{N0,), -h yNH^NO, + fH,0 (Gd(NO,),).- (NH^NO,), - (H,0).

C. Beziedicka, K. Sven. Vet. Ak. Haodl. Olvere., 66, No. 7, 726 (1899) iO

Gd(NOe),
NaVO, 111-1666

When solutions of gadolinium nitrate and sodium metavanadate are

mixed, hydrated gadolinium orthovanadate vanadic acid anhydride

is formed.

2Gd(NOj)j + lONaVO, + 28H,0
(GdV04)*'(V,04)<*26H,0 H- (SNaNO, -j- 4NaOH)

C. Beoedicke, K. Sven. Vet. Ak. Hsndl. Ofvers., 66, No. 7, 730 (1899) 10
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Gd(OH),

in-166d
When carbon dioxide is passed into warm water in which gadolinium
hydroxide is suspended, fine, microscopic needles of hydrated basic
gadolinium carbonate are formed.

Gd(OH), + CO»^ Gd(OH)(CO,) H,0
0. Benedicks, K. Sven. Vet. Ak. Haadl. Cfvere., M, No. 7, 732 (1899) tO

Gd(OH),

ni-ie70

When gadolinium hydroxide is heated, gadolinium oxide is left as a
white powder.

2Gd(0H), + A Gd,0, + 3H,0

C. Benedicks, K. Sven. Vet. Ak. Handl. Ofven., 36, No. 7, 723 (1899) /O

Gd,{C,0*).

HtSO« 111-1671

Gadolinium oxalate is converted into the sulfate by concentrated

sulfuric acid.

Gdt(C,04)i + 3H,S04 -* Gd,(804)i + (3H,C»04)

D. W. Blseell and C. James. J. Am. Chem. Soc.. 38, 873 (1916) j

GdsOt
C4H4(N0,)S0JI ni-1672

Gadolinium oxide is dissolved in metanitrobensene sulfonic acid.

Large crystals of gadolinium metanitrobensene sulfonate will he
obtained from this solution.

Gd,0, + 6C|H4(NOOSO,H + nH,0
2(Gd(C|H4(NOa)SO,), 7H,0)

2S0. Holm berg, Z. anorg. Cbetn., 98, 83 (1907)
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GdtO,
III-1673

GadolinWf“ oxide dissolves in hydrobromic acid and on evaporation

over sulfuric acid yields small, pointed, rhombic tablets of hexa-

bydrated gadolinium bromide.

Gd,Oi + 6HBr + 9H*0 2GdBrr 6HjO

C. BeiMdicks, K. Sven. Vet. Ak. Handl. Dfvers., 6$, No. 7. 724 (1899) W

Gd»0,

H(CH,)*P04 in-1674

Gadolinium dimethyl phosphate is formed when gadolinium oxide is

dissolved in dimethyl phosphoric acid.

GdjO, + 6H(CH,)iP04 GdJ(CH4)»P04le + 3H,0

J. C. Morgan and C. Jamea, J. Am. Chem. Soc., 3$, 13 (1914) /

GdtOi

HCjHjOe ni-1676

Small, clear crystals of tetrabydrated gadolinium acetate are formed,

probably best when gadolinium oxide is dissolved in acetic acid.

GdA + eHC*H,Oi + 5H,0-^2Gd(CtH,0»), 4H,0

0. Benedicb, K. Sven. Vet. Ak. Handl. Ofvers., 66, No. 7, 733 (1899) 10

Gd,0,
HCI III-1676

Gadolinium oxide is easily soluble in hydrochloric acid yielding tetrag-

onal, pyramid-ended tablets of hexa-hydrated gadolinium chloride.

Crystals are large from a neutral solution and small from an acid

solution.

GdjOe + 6HC1 + 9H,0 ^ 2GdClr6HtO

G. Beaedickfi, K. Sven. Vet. Ak. Hindi. Gfvers., 66, No. 7, 723 (1899) 10
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GdtOi
HNO m-1677

Gadolinium nitrate is formed when gadolinium oxide is dissolved in 3
normal nitric acid and the excess acid removed by boiling.

GdtO, + 6HNOt 2Gd(NOi)» + (3H,0)

F. H. Spedding and G. C. Nutting, J. Am. Chem. Soc.. W» 499 (1933) /

HNO
Gd,0,

>3 III-1678

Gadolinium oxide dissolves easily in nitric acid yielding large crystals

of the hydrated gadolinium nitrate from neutral solution and well*

formed prisms of the penta-bydrated nitrate from acid solutions.

(a) Gd,0, + OHNO, + lOHtO {Qd(NO«)i)j 13H«0
(b) Gd,0, + 6HNO, + 7HtO 2Gd(NO,),* 5H,0

C. Beaedicks, K. Sven. Vet. Ak. Haadl Ofvers., No. 7, 728, 726 <1690) 10

GdtOt
H,S04 in-1679

Gadolinium oxide is easily soluble in sulfuric acid yielding small,

lustrous crystals of octo-bydrated gadolinium sulfate.

GdiOe + 3H|SO< + 5H,0 ^ Gdt(S04)» 8H,0 .

C. Benedicks, K. Sven. Vet. Ak. Hand!. Ofven., 66, No. 7, 723, 726 (1696) 10

GdsO>
H2Se04 in-1680

Evaporation over sulfuric acid yields large, clear, efflorescent prisms

of decahydrated gadolinium seleoate, probably made best by dissolv-

ing gadolinium oxide in selenio acid.

GdsOt + SHiSeOi + 7HsO Gdi(Se04)e- lOHsO

C. Beoedicke, K. Sven. Vet. Ak. Hsodl. Ofvers., 66, No. 7. 727 (1899) W
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Gdt(SO«)i $

^ cn ^
IIM681

BaCCiHjSO^)*

Solutions of gadolinium sulfate and of barium ethyl sulfate are mixed,

the barium sulfate filtered off, and the filtrate yields clear, stable

crystals of nona-hydrated gadolinium ethyl sulfate.

Gdj(SO*)a + 3Bs(C,HjS04>i + 18H,0
-»3BaS04 + 2Gd{C,H4S04)rdH:0

C. Benedicks, K. Sven. V^. Ak- Handl. Ofvera., 66, No. 7, 729 (1899) 10

6aPt(CN)«

Gd,(SO0s
IIM682

Brilliant red crystals, with a green metallic luster, of hydrated

gadolinium platinum cyanide form, probably best, from solutions of

gadolinium sulfate and barium platinum cyanide.

Gd,(S04)i + 3BaPt(CN)4 + 18H,0
^ SBaSO* + Gd»(Pt(CN)4)i 18H,0

C. Benedicks, K. Sven. Vet. Ak. Handl. Ofvers., 66, No, 7, 725 (1899) tO

Gd,($04)i

H,S nM683

Anhydrous gadolinium sulfate is heated to a dull red heat in an

atmosphere of hydrogen sulfhide. Gadolinium trisulfide is formed.

Gdf(S04)i + SHjS ^ Gd^9 + 3HsS04

H. Erdmftnn and P. Wirth, Ann., 361, 216 (1908) SO

Gd,(S04)s

KjSO* m-18d4

Gadolinium sulfate in an excess of potas&um sulfate yields on

evaporation on the water bath small crystals of the di*hydrated

double sulfate of gadolinium and potassium.

Gd*(S04), + K,S04 + 2Hrf) ^ Gd,(S04)r KjS04‘2H20

C. Beoedicka, K. Sven. Vet. Ak, Handl. Ofvers., 66, No. 7, 727 (1899) JO
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• Gdt(S04)»
NajSO, ni-1686

Gadolinium sodium sulfate is produced when gadolinium sulfate and
sodium sulfate solutions are mixed.

Gd,{SO0» + Na,S04 + 2H,0 Gd,(S04)t-Na,S0,.2Ht0

D. W. Biasel) and C. Janes, J. Am. Chem. Soe.. SS, S75 (191S) i

Gdt(SeO«)i
HjSeO, in-t6S6

Mixed solutions of gadolinium selenite and selenious acid yield

clusters of microscopic needles of hexa-hydrated gadolinium hydrogen
selenite.

Gdi(SeO«}» + HfSeO) + 6H,0 ^Gdi(SeO>)rHtSeO| 6HtO

C. Beaedicks, K. Svsn. Vet. Ak. Hsndl. Ofven., 66, No. 7, 728 (1899) lO

GdtCSeOi)!

KjSeO^ IIM687

Mixed solutions of gadolinium selenate and potassium selenate yield

on evaporation microscopic needles of tetra-hydrated gadolinium

potassium selenate.

GdiCSeOOi + dK|Se04 + 4H|0 QdifSeOOr (K|Se04)r4H,0

C. Benedicka, K. Svea. V«t. Ak. Uandl. Ofvers.. 68, No. 7, 728 (1899) 10
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GALLIUM

Ga
in-1688

Gallium tribromide and triiodide may be prepared by the direct

combination of the elements in the absence of air.

(a) 2Ga + 3Br»-*2GaBr,

(b) 2Ga + 3lt 2GaIi

W. C. Jobneon and J. B. ParBoM» J. Pby*. Chem., 1214 (1930) B6

Ga
ni-1689

Gallium trichloride is prepared by the action of chlorine diluted with

nitrogen on hot gallium. The product is distilled in a stream of

nitrogen to remove the excess chlorine and is further purihcd by

sublimation in tfocuo.

(2Ga + 3Cls 2GaC)i)

A. W. Laubcngayer and F. B. Schirmcr, J. Am. Cbem. Sec., 62, 1678 (1940)

Ga
IIM690

Gallium dissolves in hydrochloric acid yielding gallium trichloride

and hydrogen.

2Ga + 6HC1 2GaCl, + 3H,

L. P. NUsonandO. Pettersson, K, Sven. Vet. Ak. Haodl. Bib., 14,11, No. 6, 13(1888) 10

Ga
HCl III-1691

Gallium is soluble in concentrated HCl yielding gallium trichloride.

2Ga + 6HC1 2GaCU + 3Hj

Hoffman, B. S. J. Bea., 18, S6S (1934) 9$

493
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111-1692

Gallium fluoride trihydrate is prepared by treating the metal and its
oxide with excess of 50% hydrofluoric acid and evaporating.

(a) 2Ga + 6HF + 6H,0 2{G4F» 3H*0) H- 3Ht
(b) Ga,0* + 6HF + 3H,0 2{GaFr 3HiO)
W. C. Johnson and J. Parsons, J. Phys. Chern.. $6. 2592 (1932) ss

HNOi

Gallium metal is passive to cold HNO,, but dissolves on heating.

Ga + 6HN0,^ Ga(NOi), + 3H,0 + 3NO,
Trradwell and HsU, Analytical Chemistry, 3th ed.. 1, 340 (1919)

m-i6d3

Ga
Hg(CjH$)j in-1694

Metallic mercury is formed when a mixture of gallium and mercury
diethyl is heated to 166^ in an atmosphere of nitrogen.

3Hg(C,Hs), + 2Ga 3Hg -j- 2Ga(C,H0i

L. M. Dennis and W. Patnode, J. Am. Chem. Soc., 34, 134 (1932) j

le

Ga
NHa in-ie95

Gallium nitride is prepared by reacting gallium with ammonia gas at

900^-1000*0.

2Ga + 2NH, 2GaN + 3H*

W. C. Johnson, J. Parsons, and M. C. Crew, J. Phys. Chem., 36, 2652, (1932) 86
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GftBrj

495

ni-1696

Gallium tribromide and gallium trliodide react with liquid ammonia

at -“35-6®C to form ammoniates which are stable at room tempera-

ture in the absence of water.

(a)

(b)

(c)

GaBr, + 6NH, -» GaBr, 6NH,

Gal, + 6NH, ^ Gal, 6NH,

GaBri 6NHj + 6HtO GaBr, -611,0 H- 6NHj

W. 0. Johnson and J. Parsons, J. Phys. Chem., 36, 3594 (1932) S6

Ga(CH,),CI
IIM697

When dimethyl gallium chloride is treated with one equivalent of

sodium in liquid ammonia, dimethyl gallium is obtained (a). The

free dimethylgalUum combines with one or more molecules of ammo-

nia. When the solvent ammonia is evaporated, the remaining solid

decomposes on warming to room temperature (b).

(a) (CH,),Gaa + Na (CH,),Ga -f NaCl

(b) (CH,),Ga NH,-^ (CH,),Ga NH, -f iH,

C. A. Kraus and F. E. Toonder, J. Am. Chem. Soc., 55, 3552 (1933)

Na

Ga(CH,),CI
m-ie9s

NH,

Dimethyl gallium chloride is reduced when treated with liquid ammo-

nia solution of sodium. The dimethyl gallium formed combines with

one or more molecules of ammonia and this salt decomposes on

heating with evolution of hydrogen.

(a) (CHa),GaCI -h Na (CH,),Ga + NaCl

(b) (CHOjGa + NH, ^ (CH,),GaNH,

(c) 2(CH,),Ga NH, 2(CH,),GaNH, + H,

C. A. Kraus and F. E. Toonder, J. Am. Chem. Soc., 56, $552 (1933) 1
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Ga(CH,),

III-1699

When trimethyl gallium is treated with an excess of diborane at
room temperature metallic gallium is deposited at the end of 3 hours
(a). At —45® dimethylgallium borohydride is formed (b).

(a) Ga(CH,), + 3B,H*^ Ga + + 3/2H,
(b) 2Ga(CH,), + 3B,He— 2(CH,),GaBH4 + 2CH,B,H4

H. I. Sohlesioger, H. 0. Browa sod G. W. Schaeffer, J. Am. Chem. Soe., QS, ng?
(1943)

Li

CjHOfHt

Ga(CHi),

m-1700

Reaction between lithium and trimethyl gallium in ethylamine at
liquid ammonia temperatures took place somewhat slowly, but at the
end of twelve hours, one atomic equivalent of lithium bad reacted (a),

further reaction occurs as more lithium is added, (b). On distilling

the ethylamine from the colorless reaction mixture hydrogen is

evolved, (c).

(a) {CH,),GaC,H4NH, + Li (CH,),GaC,H,NHLi + *H,
(b) 2(CH,),Ga CiH*NH, + 2Li -* LiJ(CH,),Ga), + 2CjH*NH,
(c) Li,IGa(CH,)J, + 2C|H*NH, -4 2LiCiHjNHGa(CHi)i + Hi

0. A. Kraus and F. E. Toonder. J. Am. Chem. Soe.. 6S, 3560 (1933) S$

Na

NH|

When trimethyl gallium is treated i^th metallic sodium in liquid

ammonia, one atom of sodium is converted to sodium amide with the

evolution of hydrogen, and the amide ion forms a coordinated com-
pound w'ith two molecules of trimethyl gallium (a). Further addition

of sodium reduces the trimethyl gallium to a negative trimethyl

gallium ion (b).

(a) 2(CHi)iGa-NHt + Na (Ga(CH4),l,-NaNH, + iH, + NH,
(b) 2(CH,),Ga NH, + 2Na Na,tGa(CH,),], + 2NH,

0. A. Kraus and P. E. Toonder, J. Am. Chem. 8oe., 66, 3549 (1933) 1$

Ga(CH,)i

in-1701
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ni-1702

Triethyl gallium hydrolyses with cold water producing ethane and

diethyl gallium hydroxide.

GaCCiHOi + ^ Ga{CiHi)iOH + CsHj

L. M. DennUand W. Patiwde, J. Am. Chcm. Soc.. 187 (1932)

Ga(C,H*):

ni-1703

Ethane is evolved when triethy) gallium is treated with water at room

temperature.

Hydrochloric acid added to the product forms diethyl gallium

chloride.

(a) Ga(C|H4)t + HtO Ga(C»H»)iOH +
(b) Ga{C,H*),OH + HCl Ga(C,H0,Cl + H,0

L. M. Daotiie and W. Patnodei J. Am. Chem. Soc., 64, 186 (1932)

Ga(C}Hft)i

NH, ni-17M

Gallium triethylammine is formed when gallium trietbyl and ammonia

are brought together in a bulb immersed in an ice bath.

Ga(C,H0, + NH, - Ga(C,H0» NHj

L. M. Dennis and W. Patnode, J. Am. Chem. Soc., 64, 1S6 (1932) /

OafCtHOa NH,
HjO ni-1705

Gallium triethyl ammine (formed by the reaction of gallium triethyl

with ammonia) is decomposed by water with the evolution of ammo-
nia and ethane and the formation of diethyl gallium hydroxide.

Ga{C,H>), NHa -h H*0 Ga(C,Hs)*OH + NH, + C,H«

L. M. Dennis and W. Patoode, J. Chem, Soc., 64, 187 (1932) /

16
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Ga(C,H0j NH»
HiSOi ni-1706

Diethyl gallium sulfate is formed when gaUium triethylammine is

treated with sulfuric acid.

2Ga(C,H0, NH, + H,S04 ^ (Ga(C,H0»)£O4 + 2NH, + 2C,He

L. M. Denais and W. Patnode, J. Aid. Chcm. Soc., IS7 (1032) /

Ga(CtHi), NHi
KOH UI-1707

The potassium salt of diethyl gallium hydroxide Is formed when
gallium triethylammine is treated and warmed with potassium

hydroxide.

(a) Ga(CiH0i NH, + KOH Ga(CfH0tOH + (KNH, + C|H»)

(b) Ga(C»H»),OH + KOH -* Ga(C,H*),OK 4- H,0

L. M. Daania and W. Patnode. J. Am. Cliem. Soc.. 64, 187 (1932) /

GaCU
Ga in-1708

Gallium dichloride is obtained from gallium trichloride by means of

metallic gallium.

2GaCli d* Ga^ 30aClt

L. F. Nibon and 0. Pettenaon, K. Sven. Vet. Ah. Hand). Bih., 14, 11, No. 0. 16

(1888) 10

GaCli

K4Fe(CN)e m-1709

A precipitate of gallium ferrocyanide is formed when gallium

chloride is titrated electrometrically with potassium ferrocyanide in

the presence of ferricyanide.

4Gaa, + 3K*Fe(CN)i Ga4(Fe(CN)i)i + 12KCI

H. 0. Kerachman and J. B. Ramaey, S. Am. Chem. Soc., 60, 16S4 (192$) i
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NH3
Gallium hydroxide precipitates

diluted with water and a slight

GaCl,
in-1710

when a solutioD of gallium chloride Is

excess of ammonia added.

GaCI, + 3NH, + 3H^ ^ Ga(OH), + 3NH,C1

H. 0. Kerscbmaa aod J. B. Ramsey, J. Am. Cbem. Soc., 60, 1832 (1928) ;

GaCl,

NaOH 111.1711

The precipitated oxide of gallium consists of the hydrous mono*

hydrate.

2GaCJi + 6NaOH + 3H|0 Ga,0, 3H,0 + 6NaCl

A. D. Weiser aad W. 0. Milligan, J. Pbys. Cbem., 42, 677 (1938) 8S

GaQs
NaOH 111-1712

Gallium trichloride, when dissolved in excess NaOH, forms sodium

gallate the analogue of sodium orthoaluminate.

(a) GaCli + 3NaOH Ga(OH)s + 3NaCl

(b) Ga(OH), + 3NaOH Na,GaOj + (3H,0)

HofTm&n, B. S. J. Res., IS, 669 (1934) 9$

GaCl,

Na2C03 in.l713

A hot concentrated solution of sodium carbonate is added to a dilute

solution of gallium chloride and the mixture held at the boiling point

to give complete precipitation of the gallium oxide. The gelatinous

precipitate is washed free of chloride ion with hot water. For the

formation of an alpha gallium oxide this gelatinous precipitate should

be heated in a muffle furnace at 425®; for the formation of the beta
form ignition must be at 600®.

(2GaCli + 3NaiCO, Ga,0, + 3CO, + 6NaCl)

A. W. Laubengaycr and H. R. Engle, J. Am. Chem. Soc., 61, 1210 (1939) S
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GaCNO,),
K4Fe(CN)* in-1714

When potassium ferroeyanide is added to a solution of a gallium salt,

slightly acidified with HCl, and the mixture digested at 70^ for 30
minutes, gallium ferroeyanide precipitates.

4Ga(NOi), + 3K4Fe(CN), -»Ga4[Fe(CN)«), + 12KNO,

HiUebrand sod Luodell, Applied loorgaaic Ajudym, p. 385 (1929) 9S

Ga(OH),
HiSeOi m-me

Gallium selenate precipitated when gallium hydroxide is treated with
an amount of selenic acid insufficient to disaolve it and digested for

several hours.

2Ga{OH), + 3H^e04 Gat(Se04)i + (6H,0)

L. M. Dennis and J. A. Bridgman, J. Am. Cbem. Soe., 40, 1557 (1918) i

Ga(OH}i
A

Gallium oxide is formed when gallium hydroxide is ignited.

2Ga(OH)i-» GatOi + (3HtO)

L. M. Dennis and J. A. Bridgman, J. Am. Cbem. Soe., 40, 1545 (1918)

m-me

X

GatCSeOOl

C82Se04 m-1717

Cesium gallium selenate alum is produced when a solution containing

gallium selenate and cesium selenate and some free selenic acid is

evaporated at room temperature.

Ga,{Se04)* + CsjSeO^ + 24H,0 2CsGa(Se04)i' l2HjO

L. M. Donnie and J. A. Bridgman, J. Am. Cbem. Soe., 40, 1558 (1918) 1
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iii-ma
(NH,)>S04

^ , , ,

Gallium sulfate and ammonium sulfate in solution form a double

salt of gallium ammonium sulfate (of octahedral structure)

Ga,{S04), + (NHO^O, + 24H,0^ Ga,(SO.), - (NH4)^i:>,'24H,0

ftA

A, Hermioger, Ber. (1), W {1S76>

Gftt(S04)t

„ „ 111-1719

Gallium hydroxide ie precipitated when solid sodium triasoate is added

to a slightly acid solution of gallium sulfate and the solution boiled

vigorously.

2Ga8{804)4 + 12NaN, + 12HtO
^ 4Ga(OH), + (6Na,S04 + 4NH, -h 16Nj)

L. M. Dennia snd J. A. Bridgman, J. Am. Chem. Soc., 40, 1M6 (1918) /

Gaj(S04)*

Ka,SO, “1-1720

Gallium hydroxide precipitates when a slightly acid solution of

gallium sulfate is treated with solid sodium sulfite and boiled.

Gaa(S04)a + 3Naa80, -l- 3HiO 2Ga(OH), + (3Na^04 + 3SOt)

L- M, Dennis and J. A. Bridgman, J. Am. Chem. Soc., 40, IMS (1918) i

Ga1(804) a

ni-1721

When an ammoniacal solution of gallium sulfate is electrolysed, free

gallium is deposited on the cathode.

Gaj(S04)»^2Ga + 3S07

A. Henninger, Ber. 9:1 84 (1876)
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Gat(S04)i

^ in-1722

The thermal decomposition of gallium sulfate yields the oxide:

GasCSOi}*^ GatOj + 3SOt

G. MarcbAl, J. Chim. pbys., 32, 559 (1925)

Na,l(CH,)iGal,
NH«Br m-1723

When ammonium bromide is added to a reaction mixture containing
trimethyl-gallium and metallic sodium in liquid ammonia, trimethyl-

gallium is regenerated from the reduced trimethyl-gallium ion with
the evolution of hydrogen and formation of sodium bromide.

Na,[(CHJ»Ga], -I- 2NH4Br -»2(CH,),Ga NH, + 2NaBr -h H,

C. A. Kraus sad F. E. Too&der, J. Am. Cbsm. 8o«.. 65, 3550 (1933) i$

NaiGaOi
NH 4OH m-1724

Gallium is recovered from sodium gallate by tbe addition of dilute

HCl until neutral, followed by precipitation with NH4OH in slight

excess.

(a) Na,GaO* + dHCl GaCli + [3NaCI + 3H,0]

(b) GaCI, + 3NH4OH Ga(OH)» + [3NH4CI)

Hoffman, B. S. J. Rea., 13, 572 (1934) $$

NaiGaOi
m-1726

Gallium is deposited electrolyticaliy from a solution of a gallium

salt in 10% sodium hydroxide using 2-5 amps, and 4-5 volts.

4NaiGa0i + 6H,0 4Ga + (I2NaOH + 30s)

Hoffman, B. S. J. Res., 13, 566 (1934) 9S
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CtH«GeIi
ra-1726

AgiO

Monoethyl germanic oxide is formed when an aqueous solution of

ethyl germanium triiodide is heated with freshly prepared silver

oxide.

2C:H5Gel3 + AgiO + 2HjO CCjH|GeO)jO + (2AgI + 4HI)

E, A. Flood, J. Am. Chew. 8oc., 4936 (1933)

C>H(GeI,
in-1727

An insoluble precipitate forms when liquid ammonia is condensed

with ethyl germanium triiodide.

C,HiGeIi + 4NH, C,HiGeN + 3NHJ

E. A. Flood, J. Am. Chom. Soo.. 66, 4937 (1933) i

CsHsGeN
H,0 III-1728

Ethyl germanium nitride hydrolyses with the formation of the oxide.

2CaH*GeN + 3H,0^ (CjH*GeO)iO + 2NH,

E. A. Flood, J. Am. Chem. Soc., 66, 4933 (1933) i

(C,Hs)4Ge

Bf 2 m-1729

A good yield of triethyl germanium bromide is formed when tetraethyl

germanium in ethyl bromide solution reacts with bromine at 40^.

(C,H04Ge + Brj (CtHO^GeBr + (CjH^Br)

0. A. Kraus and E. A. Flood, J. Am. Cbem. Soc., 64, 1635 (1932) i

603
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m-1730
Triphenyl germanium bromide in alcoholic solution reacts with silver
nitrate.

[(CiHt)jGeBr]s + 2AgNOi
KCiHi)»Qe]tO + 2AgBr + (NO + NOi + Oj)

O. D. MoTKao and J. D. K, Drew, S. Chem. Soc. (London), 187, 1760 (1025) ss

BrCaH^NiCH,),
{C«Hi)sGeBr

m-1731

One mole triphenyl germanium bromide is refluxed with two moles
para-bromodimethyl aniline in xylene solution in the presence of an
excess of sodium.

(CiH0,GeBr + BrC»H4N(CHi), + 2Na
(C|H0,GeCaH,N(CH,), + 2NaBr

Orndorfl, Tabern and Dennis, J. Phya. Chem., 30, 1040 (1026)

(C<Hi}iGeBr
BrCsH(OCH)Mg 111-1732

Triphenyl germanium bromide is treated with anisyl magnesium
bromide.

(CiHOaGeBr + BrMgC«HsOCH,
(CiUOiGeCiH^OCHi + MgBr,

W. R. Orndorff, D, L. Tabem and L. M. Dennis, J. Am. Chem. Soc., 49, 2512
(1927)

2

(CsHOtGeBr
BrMgC«HiCHj III-1733

An ether solution of triphenyl germanium bromide is treated with
para-toly]magnesium bromide.

(CsHalsGeBr + BrMgC«H4CH,^ (CsHOaGeCaH^CHj + MgBr,

W. R. Orndorff, D. L. Tabem and L. M. Dennis, J. Am. Chem. Soc., 49, 2512
(1027) 2
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{C,Hs).G«Br

,506

C,H.MgBr
III-1734

Triphenyl germanium bromide reacts with ethyl magnesium bromide,

(CeHOaGeBr + CjH.MgBr (CaHO>GeC»Ht + MgBrs

Vf. R. Orndofff, D. L. Tabera tad L- M. Dennis, J. Am. Chem. Soc., 49, 2512

(1927)

(C4H4)iGeBr

H,0
111-1736

Triphenyl germanium bromide reacts with water.

2(C|H0*GeBr + HjO —* (CtHJ>Ge'O-Ge(CiH0> + 2HBr

G. D, Morgw ftQd J. D. K, Drew, J. Chem. Soc. (Loodoo), 127, 1760 (1025) tS

(C»H»)iGeBr
ni-1736

Triphenyl germanium bromide is dissolved in dry xylene and heated

with an excess of sodium.

((CeH*)»GeBr], + 2Na -* (C«H*)aGe GeCCeHi), + 2NaBr

G. D, Morgan and J. D. K, Drew, J. Chem. Soc. (London), 127, 1760 (1925)

KCeHOaGeJaO

HCl UM737

Triphenyl germanium oxide dissolved in dry petrolic ether is treated

with hydrogen chloride.

((CaH,)aGe)tO + 2HC1 2(C>H>)aGeCl + H,0

W. R. Grndorff, D. L. Tabern and L. M. Deania, J. Am. Chem. Soc., 49, 2512

(1927) i
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(C.H.).G«

in-1738
Tetraphenyl germanium in carbon lelrachloride solution is boiled for
several hours with bromine.

{C.Hi)4Ge + Br, (C*H,),GeBr + (C,HiBr)

C. A, Kraus and Foster, J. Am. Cbem. 8oc.. 49, 457 (1927)
Hef., W. R, Orndorff, D. L. Tabero and L. M. Dennis, ibid., 2512 (1927) /

Ge
III-1739

When heated gently, germanium burns in bromine vapor with the
formation of germanium tetrabromide.

Ge + 2Br, GeBri

Winkler, J. f. prakt. Chem., 3$, 188
Ret., J. H. K., Am. Cham. J., 10, 246 (1688)

Ge
Brj in-1740

Germanium tetrabromide la formed when powdered germanium
reacts w*ith bromine at 220^.

Ge + 2Brs —* GeBti

L. M. Dennis aad F. E. Hence, J. Am. Cbem. 8oe., 44, 300 (1922) /

Ge
m-1741

Germanium reacts with chlorine in a stream of nitrogen at SO^-ISO”.

Ge + 2C1,^ Gea.

Leubefigeyer and Tebem. J. Phys. Cbem., SO, 1017 (1926)
Winkler, j. f. prekt. Chem., 148, 177 (18M) 7
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IIM742

Germanium tetrachloride ie formed when powdered germanium is

heated in a current of chlorine.

Ge + 2Clt GcCl4

h, W. Dennis and F. E. Hance. J. Am. Cbem. Soc.. 44, 304 (1022)

GeCU
III-1743

MeUllic germanium, powdered and fused under salt to remove traces

of germanium oxide, was treated with germanium tetrachloride at

430®F in vacuo. White germanium dichloride is formed.

Ge + GeCU 2GeCU

L. M. Deani# and H. L. HunUr, J. Am. Cbsm. Soc., 61. 1161 (1020)

GeCl«
!IM744

Germanium chloroform is prepared by passing the vapor of germa^

nium tetra chloride over heated germanium forming germanium

dichloride (?) and causing this product to unite with hydrogen

chloride.

(a) Ge + GeCU ^ 2GeCl»

(b) GeCU + HCl GeHCU

L. M- Dennis, W. R. Omdorff and D. h. Tabem, J. Phys. Chem., 30, 1049 (1926)

L. M. Dennis and H. L. Hunter, J. Am. Cbem. Soc.. 61, 1161 (1020)

ni-1746

A mixture of germanium and germanium sulfide is heated in a

current to COi.

Ge GeS) 2GeS

ITinkler, J. t. pr&kt. Chem., 148, 215 (1886) S6
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HCl
Ge

Germaaium reacts with hydrochloric acid.

in-i74d

W Ge + 3HCI GeHCl, + H,
(W Ge + 4HC1 GcCl* + 2H,

Winkler, J. f. prakt. Chem. (2), 391 (1387)
^f^L. M. Deani*. W. R. Orndorff and D. L, Tabem, J. Phya. Chem., 80, 1039

HCl
Ge

ni-1747
Germanium chloroform is produced when hydrogen chloride is
passed over heated germanium.

Ge + 3HCI GeHCli + (Ht)

WinkJer, J. f. prskt. Cbem., 86, 183
Ref., J. H. K,, An. Chen. J., 10, 246 <1888)

HCl
Ge

in-1748

Germanium chloroform and germanium tetrachloride are the prod-
ucts when hydrogen chloride is passed over heated germanium.

3Ge + 10HCl-»2GeHCl. H- GeCL + (4H,)

Uubengayer and Corey, J. Phya. Chem., 80, 1043 (1926)
L. M. Dennis sod H. L. Hunter, J. Am. Chem. Soc., 61, 1161 (1020)

HNOi
Ge

Germanium is oxidised by nitric acid.

m-1749

Ge + 4HNO, ^ GeO, + (4NO, + 2H,0)

L. M. Dennis, W. R. Crndorff and D. h. Tabem, J. Am. Chem. Soc., 46. 2034
(1923) /

to
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H:
ni-1760

Germanium is heated in a stream of pure hydrogen to 750-800*

Ge + 2H* —* GeH*

J. H. MUlIer and N. H. Smith, J. Am. Chem. 8oc.. 44, 1909 (1922) ts

Ui

Ge
ni-1751

Germanium hydride is produced when a mixture of 3 parts of germa*

nium and 2 parts of magnesium turnings is heated to a little below red

heat in a current of hydrogen.

Ge + 2H, GeH4

L< M. Deo nil, R. B. Corey tnd R. W. Moore, J. Am. Chem. Boc., 46 ,
569 (1924) 1

Ge
H,0, UI>1752

Finely powdered germanium is easily dissolved in a 3% solution of

hydrogen peroxide at 100^.

Ge + 2H,Oi GeO, + 2HiO

L. M. Deanie, K. Treieler and F. E. Haoce, J. Am. Cbem. Soc., 45
,
2046 (1923) /

Ge
HsS in-1753

Germanium and sulfur unite to form the sulRde at the dissociation

temperature of hydrogen sulftde, 400-440^.

(a) + S
(b) Ge + S -4 GeS

L, M. Dennis, K. TreesJer and P, B. Hance, J. Am. Chem. Soc., 46, 2045 (1923) I
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Ge
m-1754

Germanium is heated to 350^ in the presence of hydrogen euJhde.

Ge + H,S ^ GeS + H,

L. M. Deanis, W. R. Orndorff snd D. L. Tsbero, J. Am. Ch«m. Soe 4B 2034
(1923)

j

HjSo<

Sulfuric acid acts on germanium yielding sulfur dioxide, water and a
germanium sulfate which is decomposed by water into white germa-
nium oxide and sulfuric acid.

(») Ge + 4H,S0.^ Ge(SO,)i + 2SO, + 4H,0
(b) Ge(SO,)j + 2H^ ^ GeO, + 2H^04
P. T. Clsva, Sv. Ksm., Tidsk., 1, 33 (1880)

m-1765

HiPOi in-1766

Germanium hydride Is fonned when a 50% solution of orthophos*

pboric acid is electrolysed using a germanium cathode.

3Ge + 12H*** + HPO7 + eH,0 3GeH, + (4H,P04 + 30|)

L. M. Deukis, R. B. Corey and R. W. Moors, J. Am. Cbom. 80c., 4$, $58 (1924) i

HgBfs in*

Germanium tetrabromide is produced when powdered germanium is

heated with mercuric bromide.

Ge + 2HgBr,^ GeBr* + (2Hg)

tinkler, J. f. prakt. Chem., 3$, 188

Ret, J. H. K., Am. Chem. J., 10, 246 (1888)

Xn-1767
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HgBrt

A mixture of germanium and mercuric bromide is heated-

Ge + 4HgBr,- GeBri + (4HgBr)

f* praht. Cbem. (2), 36, 391 (ISS7)

I1M768

86

Ge

HgCl III-1759

A mixture of germanium and mercurous chloride is heated in the

presence of nitrogen.

Ge + 4HgCl ^ GeCl* + 4Hg

F. M. Brewer aad I/. M. Dennis, J. Phys. Chen., 81, 1527 (1927) 86

Qe
HgCl, in-1700

A mixture of germanium and mercuric chloride is heated.

Ge + 4HgCl, ^ GeCU + (4HgCl)

Winkler, J. t. prakt. C^em. [2], 86, 391 (1887) 86

Ge
I, m-1761

Germanium reacts with iodine vapor when heated to 250-360^ in a

stream of carbon dioxide.

(a) Ge + 2I,-^Gel4
(b) Ge + I,^GeI,

Winkler. J. f. prakt. Cbem. [2], 86, 193 <1S87)

L. M. Dennia and F. E. Hance, J. Am. Cbem. Soc., 44, 2354 (1922) /
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Ge
in-m2

Germanium tetraiodide is formed when powdered germanium is

heated in a current of iodine vapor. Germanous iodide forms at
440^ from the tetraiodide.

W Ge + 21,^ Gel,

(W Gel4^GeI, + (W
Winkler. J. f. prakt. Chem., U2. (N. 8. 34) 177 (1836) /

NH,
Ge

ni-1763

Finely divided germanium reacts with gaseous ammonia at tempera-
tures ranging from 600-750® to produce gennanic nitride.

3Ge-|-4NH,-»Ge,N4 + 6H,

0, H. Morey and W, C. Johnson, J. Am. Chem. Soe., M, 3603 (1932) ;

Ref., Warren C. Johnson, J. Am. Chem. 8oc., 62, 5160 (1930) je

Ge
Mg in-1764

Powdered germanium was mixed with magnesium and heated in a
stream of hydrogen, slightly below redness.

Ge + 2Mg — MgsGe

L. M. Dennis. Z. anorg. Cbem., 174, 126 (1933) 26

Ge
Mg m-1765

Magnesium gerroanide Is formed when powdered germanium is heated

with an excess of magnesium filings in an atmosphere of hydrogen at

800® for 15 minutes.

2Mg + Ge Mg,Ge

C. A. Kraus an<l K. S. Carney, J. Am. Chem. Soc., 56, 765 (1934) i
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ni-1766

Germanjam dioxide is formed when metallic germanium is heated

in a current of pure oxygen at 730®.

Ge + 0, ^ GeO,

L. M. Dennia, K. Tresfller and F. E. Haace* J. Am, Chem. Soc., 46, 2045 (1923) I

01-1767

Powdered germanium glows when heated in air and yields white

germanium oxide, which is slightly soluble in water to a sour liquid

from which small rhombohedral crystals of germanium oxide are

formed on evaporation.

Ge + Ot GeOj

P, T, Cleve, 8v. Kern. Tidsk., 1. 36 (1669}

Ge
SO, in-1768

Germanium is heated to 350^ in a stream of sulfur dioxide.

3Ge + 2S0, 2GeO, + GeSj

L, M. Dannie, W. R. Orndorff and D. L. Tabern, J. Am. Chem. Soc., 46, 2034

(1623) /

Ge
SO, in-1769

A mixture of germanium disulfide and oxide is formed w*hen crystalline

germanium is heated at 510®-530® in a current of pure sulfur dioxide.

3Ge + 2SOt^ GeS, + 2GeO,

L, M. Dennis, K. Tressler and F. E. Hance, J. Am. Chem. Soc., 45, 2046 (1923) BS
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Ge
m-1770

Powdered germanium and selenium in stochiometric proportion
are heated to 500^C in sealed tube filled with carbon dioxide. Prod-
uct is purer than by other methods.

(a) (Ge + Se-»GeSe)
(b) (Ge-h^e-^GeSe,)

B. N. Ivanoff-Emin, J, Gea. Chem. (ITSSR), 10, 1814 (1940) ec

Br,
GeBrt

German0U8 bromide reacts with bromine.

GeBft + Br»^ GeBri

F. M. Brewer, J. Phy$. Chem., 81, 1817 (1927)

m-ini

GeBri
HBr in-1772

Germanium bromoform is produced by the action of gaseous HBr on
GeBn.

GeBrs-hHBr^GeHBr»

F. M. Brewer and L. M. Dennis, J. Pbys. Chem., 81, 1588 (1927) 86

GeBft

A in-1773

Germanous bromide is heated.

2GeBrt H- A — (3e -h GeBri

F. M. Brewer and L. M. Dennis, J. Phys. Chem., 31, 1527 (1937) 86
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GeBr4

Germaoic bromide reacts with phenyl magnesium

m-1774

bromide in excess.

(a) GeBr, + 4C.H»MgBr^ Ge(C,H,). + 4MgBr,

(b) GeBr* + 2C.H4MgBr ^ Ge(C.H0.Br, + 2MgBr,

(c) GeBr, + C,H»MgBr -» GeC.R^Br, + MgBr

G. T. Morgan and Q. D. K. Drew, J. Chem. Soc- (I^ndon), IST, 1760 (1925)

H,0

GeBr«

Germanium tetrabromide hydrolyses producing the hydroxide,

GeBr^ + 4H,0 Ge(OH)4 + (4HBr)

L. M. Denni# sad F. E. Hence. J. Am. Chem. Soc., 44
, 302 (1922)

m-me

GeBri

KOH III-1776

Germanium tetrabromide is changed into potassium germanatc by

aqueous potassium hydroxide.

GeBn + 4K0H K 4Ge04 + (4HBr)

L. M. De&Qi8 and F« E« Hancc, J. Am. Chem. Soc., 44 , 303 (1922) i

GeBr4

NaOH m-1777

Germanic bromide reacts quantitatively with a solution of sodium

hydroxide.

GeBri + 6NaOH Na,GeO, + 4NaBr + 3H*0

Baxter and Copper, J. Pbys. Chem., 29, 1372 (1925) 7

GeBr4

Zn III-1778

Germanic bromide reacts with freshly prepared sine.

GeBr^ + Zn —* ZnBrt + GeBr^

F. M. Brewer andL. M. Dennis, J. Phys. Chem., 31, 1527 (1927) 7
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GeCCH,)^

ni-1779
Hydrogen bromide was disUlled over into germanium tetramethyl in
the presence of anhydrous aJuminum bromide in vacuo The two
substances in the vapor phase form drops of liquid around the catalyst.

"'Ifh liquid air of the material volatile above
100 yields trimethyl germanium bromide.

Ge(CH,)< + HBr^ Ge(CH,),Br + CH^
L. M. Deimi# and W. I. Patnode, J. Am. Chem. 8oc., W, 2779 (1080)

Germanium tetraethyl bums in air.

Ge(CiH0< + 140, (GeO, + SCO, + 10H,O)

L, M. Dennia and F. E. Hance, J. Am. Chem. 8oc.» 47, 370 (1025)

in-1780

Br,
Gea,

in-1781

A colorless liquid consisting of germanium tetrabromide and tetra-
chloride is formed when germanium dicbloride reacts with bromine.

2GeCl, + 2Br, —» GeBri + GeCl^

L. M. Deania and H. L. Hunter, J. Am. Chem. Soc,, 51, 1154 (1020)

GeCl,
Cl: m-1782

Chlorine rapidly attacks germanium diohloride with the formation
of pure germanium tetrachloride.

GeCI, + Cl, GeCU

L. M. Dennis and E. L. Hunter, J. Am. Chem. Soo., 51, 1154 (1029) i
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HCl
in-17S3

Wheo hydrogen chloride gas is passed over germanium dichloride at

30-50®C, germanium chloroform forms readily.

GeCl, + HCl-^GeHCl,

L. M. Deonis, W. R. Orndorff. and D. U Tabern, J. Pby«. Chcm., 80» 1050 (1926) 86

HaO

GeClt
m-1784

Germanium dichloride reacts vigorously when moist oxygen is passed

over it. The hydrogen chloride liberated reacts with unchanged

dichloride producing germanium chloroform.

(a) OeCl, + 2H,0 Ge(OH), + 2HCI

(b) GeCl* + HCl GeHClt

L. M. Dennis and H. h. Hunter, J. Am. Chcm. Soc-, Bl, U64 (1929) 1

18

GeClt
III-1785

From a hydrochloric acid solution of germanous oxide hydrogen

Bulhde precipitates red-brown germanous sulBde.

GeCU + H,S ^ + 2HC1

P. T. Clcve, Sv. Kern. Tidsk., 1, 39 (1889) 10

GeCI,

HtS III-1786

Hydrogen sulfide reacts on germanium dichloride at room tempera-

ture producing germanium sulfide and hydrogen chloride.

GeCl, + ^ GeS + 2HC1

/L. M. Dennis and H. L. Hunter, J. Am. Chem. Soc., 61» 1154 (1929)
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NaOH
GeCIt

III-1787

When germanous chloride is treated with sodium hydroxide, germa-
nous hydroxide precipitates as|a yellow to brownish yellow powder.
Potassium hydroxide and ammonium hydroxide act similarly.

(a) GeCl, + 2NaOH^ Ge(OH), + [2Nsa]

(b) GeCl, + 2K0H -» Ge(OH), + [2KCI]

(c) GeCl, + 2NH«OH -> Ge(OH), + [2NH,ai

P. T. n«ve, Sv. K«m. Tidak., 1, 39 (1389)

GeCli

ni-1788

Dry oxygen acts slowly upon germanium dichloride, After about 15
minutes the dichloride begins to turn white and a volatile substance
identified as germanium tetrachloride is formed.

2GeCl* + Oi GeO, + GeCl*

L. M. Dennis and H. L. Hunter, J. Am. Cbem. Soc., SI, 11S3 (1929) /

Gea*
CHsMgBr

Germanic chloride reacts with methyl magnesium bromide.

GeCl* + 4CH|MgBr Ge{CHj)* + (2MgBr, + 2MgCl,)

L. M. Dennis and F. E. Hence, J. Phys. Cbem., SO, 1055 (1926)

in-1789

GeCl*
CsH^MgBr in-1790

Germanic chloride reacts with ethyl m^;nesium bromide.

GeCl* + 4C,H,MgBr^ Ge(C,H*)4 + (2MgCU + 2MgBr,)

D. L. Tabem, W. R. Orndorff and L. M, Dennis, J. Am. Chem. See., 47, 2039
(1925) /
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GeCU
ni-i79i

Germanic chloride is treated wtb ethyl alcohol in the presence of

sodium.

GeCI* + 4C1H4OH + 4Na -» Ge(OCiHi)4 + (4NaCl -f 2H,)

D. t. Tahern, W. R. Orndorff aod U M. Dannia, J. Am, Chcm. Soc-, 47, 2039

(1925)
^

GeCl4

C4HgMgBr

Germanic chloride reacts with n-butyl magnesium bromide in large

in-1792

excess.

GeCU + 4CiHgMgBr GeCCiHg)* + (2MgBr, + 2MgClt)

D. L. Tabero, W. R. Omdorfl and L. M. Dennis, J. Am, Chetn. Soc., 49, 3512

(1937)

GeCl4

C|H*CHjMgCl IIM

Germanic chloride reacts with bensyl magnesium chloride in the

presence of benzyl chloride, when dissolved in dry xylene.

GeCI* + 4CiH4CH,MgCl ^ Ge(CH,C.H*)4 + 4MgCls

W. R. Orndorff, D, L. Tabern^nd L. M. Dennis, J. Am. Chem. Soc., 49, 2612

(1927)

IIM793

GeCh
CtHiCHsBr III-1794

Na

Germanic chloride reacts with p*bromotoluene in the presence of

sodium.

GeCU + 4C4H4CH,Br + 8Na
Ge{CiH»CH,)4 + (4NaBr + 4NaCl)

D. L. Tabero, W. R. Omdorff and L. M. Dennis, J. Am. Chcm. Soc., 47, 2039

(1925) I
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G^OIi
C«H.MgBr

III-179B

Germanic chloride reacts with phenyl magnesium bromide.

GeCI. + 4C.H,MgBr -» Ge(C,H,)4 + {2MgCl, + 2MgBr,)

D. L. Tibem, W, R. Orndorff and L. M. Denoia, J, Am. Chetn. Soc.. 4T. 203fl
(1925)

GeCU
Ge

. m-i79e

Germanic chloride vapor Is passed over metallic

temperature.

GeCU + Ge 2G6Cls

Ge at a high

L. M. DeoaU, Z. anorg. Cbsm., 174, 102 (1928) ts

GeCi4

H ra-1797

A solution of germanium tetrachloride will react with nascent hydro*

gen yielding germanium tetrabydride.

GeCl* + 8H^ GeHi + 4HC1

E, Voegeten, Z. snorg. Chem., 30, 325 (1902) BS

GeCI*

H}0 m-1798

Germ&nium tetrftchloride hydrolyses in the presence of wster or

water vapor giving ibe oxide and HCl.

Geai + 2H,0 GeO, + iHCi

I

L M. Dennis snd E. B. Johnson, J. Am. Cbem. Soc., 46, 1$86 (1923) IS
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Gea4
in-1709

Germanium sulfide is precipitated from a solution of germanium

chloride by hydrogen sulfide.

GeCIi + 2H»S ^ + (4HC1)

J. H. MUJler, J. Am. Checn. Soe., 43, 1088 <IWI)

GeCU
11U1600

When hydrogen sulfide is passed into a solution of germaniuin oxide

in hydrochloric acid, which yields germanium chloride, white germanic

sulfide precipitates.

G^eCU + 2H,S G^, + (4HCI)

P. T- Cleve, 8v. Kern. TicUk., I, 30 (1880)

GeCU
H?Se IIM801

Germanium diselenide is precipitated from solution of GeOt in

hydrochloric acid by hydrogen selenide. The precipitate is orange-

yellow,

(a) GeO, + 4HC1 -• GeCI^ + 2H,0

(b) (GeCU + 2H^e GeSe^ -I- 4HCI>

B. N. IvsQoff'EniQ. J. Gen. Cbem. (USSR), 10, 1813 (1940)

GeCU
in-1802

Germanium tetrachloride is completely ammonolysed in liquid ammo-

nia to germanic imide.

GeCU + 6NHj ^Ge(NH)j + 4NH 4CI

R. Schwars aod F. W. Schenk. Bor., €3, 206 (1030) I

W. C. Johcacn, G. H. Morey gTiH a. £. Kott, J. Am. Cbem. Soc.i 84, 4279 (1932)
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G6CI4

Liquid germanic chloride reacts with ammonia.

Gea4 + 6NH,^ GeCl4 6NHt

W. Pugh sad J. S- Thomw, J. Chem. 8oe. (London) » 1061 (1020)

Zn-1803

i6

SbF,

(SbCL)

GeCU
m-1804

The Huorination of gennanium tetrachloride by means of antimony
trifluoride in the presence of antimony pentachloride yields
monofluorotrichlorogermane, difluorodichlorogermane, trifluoro-

monocblorogermane, germanium tetrafluoride.

(a) [SbF, + GeCU^ GeCI,F + SbClF,

(b) SbF, + GeCU GeClJF, + SbCUF
(c) SbP, + Gea4 GeClF, + SbCU
(d) 4SbClJP + Gea* GeF, + 4SbCUl

H. S. Booth «Qd W. C. Morns, J. Am. Cbem. Soe., SS, 90 (1936)

GeCli

Zn(C2H4)s III'1605

tVhen germanium chloride and sine ethyl are mked^ germanium ethyl

is formed as a colorless liquid with onion-like odor.

GeCU + 2Zn(C2H»)»^Ge(C,H»)4 + 2ZnCU

P. T. Qeve, Sv. Kem. Tidsk., 1, 39 (1889) to
L. M. Dennis and F. E. H&nce, J, Am. Chem. 8oe., 47, 870 (1926) .. .. 1$
G. Winkler, J. f. prakt. Chem.^ 144, 177.(1887). . . . .

• .. / , . ; , j ;// 1
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G«Cl4

Sodium OleAte

Germanium soaps may be prepared by reaction of a salt of germanium

with a salt of a fatty acid. Opt. temp, is 40-70^C. Reaction of oleic

salt is shown as an example.

4CH,(CH,),HC;CH(CH,)TCOONa + GeCli

^(CH,(CHt)THC:CH(CH,),COO].Ge + 4NaCl

Brit. Pat. 395, 406, July 17, 1933

Ref., Oil and Soap. 11, 4, 77 (1934)

ni-1806

GeCl* 6NH,
H]0 IIM807

Germanic chloride hexammoniate reacts with water.

GeCU 6NHj + 4H,0 -^GeClriNH, 4H,0 + 2NH,

W. Pugb and J. S. Thomaa. J. Chem. Soe. (London), Part 2, p. 1051, (1990)

GeF*

Germanic fluoride is passed over crystallised Ge at 350^.

(a) GeF* + Ge 2GeFj

(b) 2GeF,^ Ge + GeF^ (above 350^)

L. M. Dennis, Z. anorg. Chem., 1T4, 115 (192S)

iiMdOd

GeF,

HaO 111-1809

Hydrofluogermanic acid is produced by conducting the vapors of

germanium fluoride into water.

2GeF4 + 2HiO ^ HiGeF4 + (GeO* + HjF,)

Winkler, J. f. prakt. Chem., 36, 188 (1887)

Ref., J. H. K., Am. Chem. J., 10, 246 (1888) /
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GePi
KF m-1810

Potasaium fluoride and germanium fluoride form hexagonal crystals
of the double germanium potassium fluoride.

GeF4 + 2KF^Gep4 (KF),

P. T. Cleve, 8v. Kem. Tid»k., 1, 39 (1839)

GeF^
KHP)

A solution of german ic fluoride is treated
hydrogen fluoride.

with

m-1811

potassium

QeF^ + 2KHF, K,GeF4 + (H,F,)

G. KrOaa and L. F. NUaoD» Bar., 80, 1696 (1837)

GeH
ni-1812

Dry chlorine reacts with germanium monohydride producing gevma*
nium tetra chloride. Bromine and iodine vapors act similarly.

2GeH + 5CU^ 2GeCl4 + 2Ha
L. M. Dennis and N. A. Skov, J. Am. Cbem. 8o«.. 68, 2371 (1930) i

le

GeH
KMnO* in-1813

H2$04

Germanium mono-hydride is quantitatively oxidized by potassium

permanganate acidulated with sulfuric acid.

2GeH -f 2KMn04 + 3H:S04
^ 2GeO, + K,S04 + aMnSOi + 4H,0

L. M. Dennis and K. A. Skow, J. Am. Chem. Soc., 68, 2371 (1930) t
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R,0

GeHCl,
in-1814

Germanium chloroform is readily hydrolyzed by water with the

formation of hydrated germanous oxide and hydrochloric acid.

GeHCl, + xH,0 -* GeO(xH,0?) + 3HCI

Jj. M. Deama and H. L. Hunter, J. Am. Chem. Soc., 61, 1151 I

GeHCl,
H,0 m-lS15

Germanium chloroform hydrolyzes readily, in oxygen free water, to

an orange-colored, insoluble germanous hydroxide. In small

amounts of water, a white solid of unspecified composition is formed.

GcHCI# + 2H,0 Ge(OH), + 3HCI

L. M. Dennis, W. K. Ornderff and D. L. Tabero, J. Pbys. Chem., S0» 1054 (1925) 8S

GeHCla
I in-1816

Germanium chloroform is titrated with iodine.

GeHCIi + 21^GelCI, + HI

L. M, Dennia, W, R. Orndorff and D. L. Tabern, J. Phys. Chem., 80, 1049 (1926)

GoHCli
NaOH III-i817

Germanium chloroform in solution is treated with sodium hydroxide.

(a) GeHCl, + 3NaOH -. Ge(OH), + 3NaCl + H,0
(b) GeHClj + NaOH -. GeO + (NaCl + H,0 + Cl,)

A. Hantaaeb, Z. aoorg. Cbem., 30, 322 (1902)
Ref., Winkler, J. f. prakt. Chem. (2), 34, 200 (1886)
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GeHa,
in-1818

Germanium chloroform is decomposed by a solution of sodium
carbonate.

2GeHClj + 3NajCO* + HtO —» 2G€(OH)* + 6NaCl + 3C0j

C. Winkler, G. Krius&nd L. F. Nilson, Ber., 20, 1696 (1867) ^5

GeHClt

ra-18i9

Above O^C germanium chloroform is decomposed by dry oxygen;
the principal reaction being the formation of the dicbtorlde and
tetrachloride.

4GeHCIi + 0, 2Gea4 + 2GeCl, + 2H,0

L. M. Deanu, W. K. Oradorff and D. L. Tabero, J. Pbys. Cbem., SO, 10$S (1926) 86

GeHCI»
A in-1820

Germanium chloroform decomposes when heated at 140^ ~ 175^.

(a) 2GcHCI, + A 2GeCU + 2HC1

(b) 2GeHCU + A^ Ge + GeCl* + 2HCI

D. L. Tabem, L. M. Dennis, W. R. OmdorS, J. Pbys. Chem., SO, 1049 (1926)

Winkler, KOas and KUson, Ber., 20, 1696 (1687) t6

GeH,
S ni-1621

Germanous hydride is passed over strongly heated and illuminated

sulfur.

QeH] + 3S GeS} + HjS

E. Voegelen, Z. anorg. Chem., 30, 325 (1902) 86



GERMANIUM 527

HsO

GeH(CU
ni-1822

picbloro monogcrmaae (formed by the action of HCl on mono*

germane in the presence of a catalyst) reacts with a solution of sodium

hydroxide to form the oxide and to evolve hydrogen. Secondary

reactions also occur.

GeHjCli + H,0 ^ GeO + 2HC1 + Hi

L. M. Denoifl uid P. R. Judy, J. Am. Cbem. 8oc., (X, 2323 (1929)

OeHiCli

NH, 111*1823

At —78^ to —27^0, liquid ammonia reacts readily with dichloro*

monogermane (prepared by method of Dennis and Judy, J. Am.
Chem. Soc., 51, 2321, 1929) to form ammonium chloride and metallic

germanium.

GeHiCl, + 2NHt Ge + 2NH4CI

L. M. Decmis and R. W. Work, J. Am. Cbem. 800., 56, 4438 (1933)

GeHiCIi
NaOH m-1824

Germanous oxide is produced when dichlorotnonogcrmane is treated

with sodium hydroxide.

GeHiCI: + 2NaOH GeO + 2NaCl + H,0 + H*

L. M. Dermis and P. R. Judy, J. Am. Chem. Soc., 61, 2323 (1929) i

GeHiCl
HiO in-1826

Monochloromonogermane (formed by the action of HCl on mono-
germane in the presence of a catalyst) reacts with a solution of sodium
hydroxide to form the oxide and to evolve hydrogen. Secondary
reactions also occur.

GeHjCl + H*0 GeO + HCl -f 2H*

L. M. Dennis and P. R. Judy, J. Am. Cbem. 80c., 61, 2323 (1929) id
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GeHjCI
NHj

in-1826
When treated with liquid ammooia in excess at —78 to — 50*C for two
hours, monochloromonogermane (prepared by method of Dennis and
Judy, J. Am. Chem. Soc., 61, 232i, 1929) forms monogermane and
monogermanium hydride.

3GeH,Cl + 3NH, 3NH 4CI + GeH^ + 2GeH
L. M. Dennis and R. W. Work, J. Am. Chem. Soc., 66, 4487 (1938)

NH|
GeHiCl

111-1827

Mono^hloromono germane reacts with an excess of ammonia to
produce ammonium chloride and a variety of hydrides.

(s) GeHjCl + NH, NH*C1 + GeH,
(W 3GeH,-^GeH4 + 2GeH

1. M. Dennia and R. W. WoA, J. Am. Chem. 80c., 66, 4487 (1983)

GeHiCl

m-1828
Germanous oxide is formed when monochloromonogermane reacts
with sodium hydroxide.

GeHiCl + NaOH GeO + 2Hi + (NaCI)

L. M. Dennia and R. W. Judy, J. Am. Chem. 80c., 61, 2323 (1929) j

GeH,

a

^^comp. ni-1829

Monochloromonogermane breaks down slowly at room temperature.

2GeH,Cl GeH* + 2HC1 + Ge

L. M. Dennis and P. R. Judy. J. Am. Chem. 80c,, 61, 2326 (1929) 1$
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HI
UMSdO

WlieD equal volumes of monogermane and hydrogen iodide are

Qiixed and brought into a bulb containing aluminum bromide, the two

gases react energetically. Evidence of the formation of GeHsI and

OeHsIs was obtained, but they react with HI to yield Gels as the

final product.

(a) GeH,I + HI - GeH,I, + H,

(b) GeH,I, + HI GeHI, + Hj

(c) GeHIi Gel, + HI

U M. DfnnU and P. R. Judy. J. Am. Chero. Soc., (1, 2327 (1929) IS

OeH«
AgNO, IlMdSl

Germanic hydride is passed into a solution of silver nitrate.

GeH, + 4AgNO, AgjGe + 4HNO,

J, H. MOUer and N. H. Smith. J. Am. Cbem. Soc., 44 , 1909 (1922) /

GeH4
HEr IIM832

Monobromomono germane and dibromomono germane are formed
when germane is treated with hydrogen bromide in the presence of

aluminum bromide as a catalyst.

2GeH4 + 3HBr -* GeH,Br + GeH,Br, + (3H,)

L. M, Dennis and P. R. Judy. J. Am. Cfacm. Soc,. 61, 2325 (1929) /

GeH4
HCl m-1833

Monochloromonogermane and dichloromonogermane are produced
when germane reacts with hydrogen chloride in the presence of a
catalyst.

2GeH4 + 3HCI GeH,CI + GeH,Cl, + (SH,)

L. M. Dennis and P. R. Judy, J. Am. Chem- Soc., 61, 2322 (1929) j
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GeH<

III-1834

Gwmanous iodide is the final product obtained when hydrogen
iodide reacts with germane in the presence of a catalyst.

(a) 2GeH4 + SHI -» GeH.I + GeH,I, + (3H.)

GeH,I + HI ^ GeHjI, + H,
GeH,I, + HI GeHI, + H,

W) GeHI, -» Gel, + HI
L. M. Donni, and P. R. Judy, J. Am. Chsm. Soc., 81, 2327 (1929) ,

Na
GeH4

m-1835
Sodium trihydrogermanide is produced quantiUtively when mono
germane U passed through a solution of sodium in liquid ammonia.

2GeH4 + 2Na^ 2NaGeHi + H,

C, A, Kraut and 0. A Camej, J. Am. Cheia. Boe., S6, 768 (1W4)

S
GeHi

m-l$d6
By passing germanium tetrahydride gas over sulfur which had been
exposed previously to sunlight germanium disulfide is obtained.

GeH* + 4S ^ G^t + 2H,S

E. VoegeltD, Z. anorg. Chem., 30, 325 (1902)

A
GeH*

m-isd?
At temperatures above 280®C, germane decomposes to evolve
hydrogen.

GeH4^Ge + 2Hi

T. R. Hogoett and W. Q. Jobnaon, J. Am. Cbtia. Soc., U, 3583 (1932)
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GeHi

631

^ ni-1838

Genoanic hydride is heated to 360^ or above.

GeH* + A ^ Ge + 2H,

J. H. MuUer aod N. H. Smith, J. Am. Cb^m. Soc., 4i 1909 (1922)

E. Voegelen, Z. aoorg. Chem., SO, 325 (1902) SS

Gelt

CsHiI m-18d9

Ethyl germaaium triiodide is formed when germanous iodide is

heated to 110^ in the absence of air with an excess of ethyl iodide.

C,H»I + Gel, C,ir*Gelj

K A. Flood, J. Am. Cbero. $oc., 65, 4935 (1933) I

Gel,

HI IU-1840

Germanium todofonn is produced by the action of hydrogen iodide

on Gel,.

Gel, + HI GeHI,

F. M. Breworaod L. M. Deoais, J. Pbys. Chem., 31, 1538 (1927) 8S

Gel,
I, 111-1841

Germanous iodide reacts with iodine.

Gel, + I, —* Gel,

F. M, Brewer, J. Phye. Cbem., 81, 1817 (1927)

Gel,
NH, III-1842

Germanous iodide (prepared by the reaction between germanous
sulfide and concentrated hydrogen iodide solution) reacts with
ammonia gas at — 33.5^C, in a nitrogen atmosphere to produce
germanous imide.

Gel. + 3NH, GeNH + 2NH,I
W. C. Johnson, G. H. Morey end A. E. Kott, J. Am. Chem. Soc., 64. 4280 (1932) IS



532 ENCYCLOPEDIA OF CHEMICAL REACTIONS

Cell
Decomp. 01-1843

Id the formation of Gels from the reaction of monogerraane and
hydrogen iodide some Gel« is present as a result of the dissociation of

the di-iodide.

2GeIs Gel* + Ge

L. M. Dennis end P. R. Judy, J. Am. Cbem. 8oc., 51, 2327 (1929) i$

Gels

A ni-1844
Germanous iodide is heated to 240-'265^.

2GeIs + A — Ge + Gel*

F. M. Brewer. J. Phye. Cbem., 31, 1817 (1927) u

Gel*

CsHiNHs Zn-lS46

A substituted germanium imide is produced when germanic iodide is

subjected to ethyl amine in carbon tetra chloride solution.

Gel* + 6C,H*NHt Ge(NCsHOi + 4CsH*NH*I

W. C. Johnson and A. E. Sidwell, J. Am. Cbem. Soc., 56, 1887 (1933) i

Gel*

HsO m-1846

Germanic iodide i8 treated with water.

Gel* + 2HsO^ GeOs + (4HI)

L. M. DennU and F. E. Haoce. J. Am. Cbem. Soc., 44, 2854 (1922) i

Gel«

NH, ni-1847

Germanium imide and ammonium iodide are formed when germanic

iodide reacts with liquid ammonia.

Gel* + 6NH, Ge(NH)i + 4NH*I

W. C. Johnson and A. E. Sidwell, J. Am. Cbem. Soc., 55, 1888 (1933) /
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Gel<

533

nM648

GermaDic iodide is heated to 440^

Geli + A ^ Gelj + It

L. M. Denni* and F. E- Hance, J. Am. Chem. Soc., 44, 28M (1922) ^

HiO

GeNH
m-1849

Gennanous imide is decomposed by moisture.

GeNH + 2HtO Ge(OH), + NH,

W. C. Johnson, G, H. Morey, and A. E. Kott, J. Am. Chem. 8oc., M. 4282 (1932) /

40

GeNH
IIM850

Germanous imide decomposes into gennanous nitride and ammonia

when heated for several hours in an electric furnace at 250-3(X)®.

3GeNH ^ GejNt + NH,

W. C. Johaton aod 0- H. Ridgely, J. Am. Cbem. Soc., M, 2396 (1934) 1

A
Ge(NH)t

I1M861

Germanic nitride is formed by the thermal decompo^tion of german ic

imide.

3Ge(NH),^GeJ^* + (2NH0

R. Sehwais aad F. W. Schenk, Ber., 63, 296 (1930)

W. G. Johnson and G. H. Ridgely, J. Am. Chem. Soc., 66, 2395 (1634) 1

GeO
HCl ra.l862

Germanous oxide is dissolved by hydrochloric acid.

GeO + 2HC1 GeCIt + H,0

Winkler, J. I prakt. Chem. (2|, 34, 209 (1386) SS
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ECl

HjFj

GeO

in-1863

Potassium germanium fluoride is prepared by adding a concentrated
potassium chloride solution to a solution of germanium oxide In
hydrofluoric acid.

2GeO + 4Ka + 6HtP, 2K,GeF. + (2H,0 + 4HCI + 2H,)

Winkler, J. f, prakt. Chea., 86, 188 (1887)
Ref., J. H. K., Am. Cbem. J., 10, 84$ (1888)

HI
Ge(OH)i

Germanous hydroxide reacts with hydrogen iodide below 40^.

Ge(OH), + 2HI ^ + 2H,0

F. M. Brewer and L. M. Deonia, J, Phya. Chem., 81, 1827 (1927)

m-1854

w

NaOH
Ge(OH),

Germanous hydroxide reacta with aodium hydroxide.

Ge(OH)t + NaOH NaHGeO, + (Ht)

A. Kantasch, Z. anorg. Cbem., 80, 322 (1902)

IIM866

t/f

Ge(OH),
NaOH in-lM6

Germanous hydroxide dissolves in excess of sodium hydroxide.

Ge(OH), + NsOH NsHGeO, + H,0

A. Haotsaeb, 2. anorg, Cbem., 80, 317 (1920) m

Ge(OH)t
Deeomp.

Germanous hydroxide decomposes.

in-1867

Ge(OH), GeO + H,0

Winkler, J. f. prakt. Chem. (2], 34, 209 (1886) ts
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KiS

Ge(0H)4
IIM858

KCsHjOa

GermaDium hydroxide, in acetate-buffered media, may be quantitar

tively converted to potassium thiogermanate by treatment with

hydrogen sulfide or potassium sulfide.

2Ge{OH)4 -I- 5H*S + 2KCiH,0i K*GetSj + 2HCtH,Os + 8HjO

Hobftrt H. WiUard iod C. W. Zuehike, Anal. Ed., 16, 322 (1944)

c

GeOt
in-185d

Metallic germanium may be produced In 90% yield by reduction with

carbon under a sodium chloride flux.

GeO, + 2C Ge + 2C0

K. M Trewler and U M. Dennis. J. Pbya. Ohem.. 61. 1432 (1927)

c

GeOs

Germanium dioxide is reduced by carbon.

GeO, + 2C Ge + 2CO

Winkler, B«r., 34. 391 (1691)

Ul-1860

ss

GeOi

COCl: m-1861

Germanium dioxide is heated to dull redness and a stream of carbonyl

chloride passed over it.

GeO, + 2COC1,^ GeCl* + 2CO,

W. Pugh and J. S. Thomas, J. CThem. Soc. (London) p. 1061 (1926) 25
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OeO}
CaP,

GermaDium dioxide is heated

sulfuric acid.

in-1862

with calcium fluoride in the presence of

GeOi + 2CaF, + 2H,S04 GeF« + 2CdS04 + 2HsO
Winkler, J. f. prakl. Chem. (2), 88, 194 (1837)

HBr
OeOt

in-1663
Germanium tetrabromide is formed when germanium dioxide is sus-
pended in a 48% solution of bydrobromic acid and hydrogen bromide
passed into the solution slighUy below the boiling point of hydro-
bromic acid.

GeO, + 4HBr GeBr* + 2H|0

A. W. Laubenfayer and P. L. Brandt, J. Am. Chem. Soc., 84, 822 (1932)

GeOt

111-1664

Germanium tetrachloride is formed when ‘germanium dioxide is
treated with hydrochloric acid.

GeO, + 4HCI ^ GeCU + 2H,0

D. L. Tabern, W. R. Omdorff and L. M. Denni*, J. Am. Chem. Soc., 47, 2089
(1625)

GeO<

ni-1666

When germanium oxide is dissolved in hydrofluoric acid and the
solution evaporated tribydrated germanium fluoride forms as a
crystalline deliquescent mass.

(8) GeO, -h 4HF^ GeF^ + 2H,0
(b) GeF^ + 3H,0 -* GeP4*3H,0

P. T. Clevc, Sv. Kem. Tidak., 1, 39 (1889)
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537

Red crystals of germanium tetra iodide are formed when germanium

dioxide reacts with hydrlodic acid at 160®.

GeO, + 4HI ^ Geli + 2H,0

A, W. L&ubecgayer and P. h. Brandt, J. Am. Chem. Soc., 6i, 622 (1932)

Hr

GeOt
in-1867

Germanium dioxide is reduced to germanium by hydrogen at 550-

6CK)®C.

GeOi + 2Ht Ge + 2Ht0

L. M. Deania and F- E. Hancei J. Am. Cham. Soc., 44, 299 (1922)

GeOt

Germanium dioxide is reduced by hydrogen when

redness.

GeOi + 2H} Ge + 2H:0

m-1868

heated to dull

C. WiaUer, Ber., 24, 891 (1891)

Ref., Paae^, Schmidt, Bebbel, Ber., 58, 2615 (1922)

GeOi

BiFi in-1869

Germanium dioxide dissolves in a 20% solution of hydrogen fluoride.

(a) GeOs + 2HjF,^ GeF, + 2H,0

(b) GeO, + 3HtP* H,GeFa + 2H,0

G. KrUss and L. F. Nibon, Bar., 20, 1696 (1887) 25
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H,F,
GeOt

m-1870
Gennanium tetrafluoride is formed when germanium dioxide is

treated with hydrofluoric acid.

GeOt + 2H}F} —* GeFt + (2HtO)

C. Winkler, J. I. prakt- Chen., 86, 188 (1887)
Ref., J. H. K., Am. Chem. J., 10, 246 (1888)

GeOj
* ni-1871

Fluogenaanic acid is produced when germanium dioxide is treated
with hydrofluoric acid.

GeO, + 3H,F, HtGeF* + (2H,0)

L. M. Dennis and SUoeslow, J. Am. Chem. 8m., 66, 4302 (1288) /

GeOt
HjFj in-1872

BaCli

Germanium dioxide dissolved in hydrofluoric acid is treated with

barium chloride.

GeO, + 3H,F, + BaCI,^ BaGeF, + 2HC1 + 2HjO

L. M. Denalfl, Z. anorg. Chem., 274, 102 (1928) $$

GeO,

m4873
K,CO,

Potassium fluogermanate precipitates when germanium dioxide is dis-

solved in pure hydrofluoric acid and the resulting hot solution treated

with a little more than the calculated amount of potassium carbonate.

GeO, + 3HJ’, + K,CO,^ K,GeFe + (3H,0 + COO

J. H. MOUer, J. Am. C%em. 8oc., 43, 1089 (1921) 1
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III-1874

When hydrated germanium oxide is suspended in absolute alcohol and

treated with hydrogen sulfide^ tbiogermanic acid is formed.

2Ce02 + 5HiS —* HtGe*Ss + 4HtO

H. H- WUkrd and C. W. Zucblke, I Am. Cbem. Soe., 85, 1888 (1943) IS

H,S

GeOi

Germanium dioxide in HjSOi is treated with hydrogen sulfide.

GeO, + GeS, + 2H,0

ni-1876

0. Winkler, J. f. prakt. Chem. |2|, 38, 194 (1887) SS

KiS

GeO,
IIM876

CHiCOOK

When hydrogen sulfide is added to a suspension of hydrated germa-

nium dioxide in glacial acetic acid and potassium acetate, a colorless

viscous solution of potassium thiogermanate is formed.

2GeO, + 5HtS + 2CHaC00K K,Ge^* + 2CH,C00H + 4H»0

H. H. WUtard and C. W. Zurhlke, J. Am. Cbem. Soc., 88, 1888 (1943) 16

GeO,

H,Se III-1877

Germanium dioxide in 6N hydrochloric acid solution is reduced by

hypophosphorous acid, 70-75% of acid is neutralized by ammonium

hydroxide and germanium monoselenide is precipitated by hydrogen

selenide in an atmosphere of carbon dioxide as a brown solid.

(a) (GeO, + 4HCI GeCli + 2H,0)

(b) (GeCI^ + H,PO, + H,0 GeCl, + H,P0, + 2HC1)

(c) (GeCl, 4- H:Se -»GeSe + 2HC1)

B. N. Ivaaoff-Bmio, J. Geo. Chem. (OSSR), 10, 1813 (1940) 60
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ECN
C

GeO»

m-ms

Germanium dioxide is mixed with an excess of potassium cyanide and
charcoal and the mixture heated to about 1000^.

(a) 4GeO, + 2KCN + 2C 4Ge + (K,CO. + 2N0 + 3C0)
(b) 4GeO, + 2KCN + C 3Ge + K^, + (2N0 + 3C0)

J. S. Tbomas and W. Pugh^ J. Cbem. Soe. (London), 126, 824 (1924)

EOH
GeOt

m.l679

By treating germanium dioxide with a solution of potassium hydrox*
ide, potassium germanate is formed.

GeO, + 2KOH K,GeO, + H,0

H. H. Willard sad C. W. ZueUke, J. Am. Cbem. Soe.. 66, 1888 (1943)

GeOt
Mg m4880

Germanium dioxide is reduced by magnesium when carefully heated.

(a) GeOj + Mg — GeO + MgO
(b) GeO, + 2Mg Ge + 2MgO

C. Winkler, Ber., 84, 891 (1891) f5

GeO,
MgCl, m4881
Mg(OH),

Germanium dioxide dissolved in a sUghtly ammoniacal solution is

treated with magnesia mixture.

GeO, + MgCI, + Mg(OH), MgiGeOi + 2HCI)

J. H. Muller, J. Am. Chem. Soc.. 44, 2494 (1922) 1
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541

m-1882

Ammonia reacts slowly with gemanic oxide at 700^0 and much

niore rapidly at 750®C. The germanium h reduced to the metallic

form and excess ammonia forms germanic nitride.

SGeOi + 4NH* GeiN4 + 6HjO

W, C. Johneon, J. Am. Chem. Soc-, 68» 5162 (1930)

Na-Hg

A 3% sodium amalgam

alkaline solution.

GeOt
IIMeS3

reduces germanium dioxide to germane in

GeOi + 8H GeH* + 2H,0

8. A- Coase, Analyst, 89, 747 (1934) 40

t

GeOj
m-1884

Germanium dioxide is reduced to germane when a current is passed

through a solution alkaline with sodium hydroxide using nickel

electrodes.

QeOt + 8H — GeH^ + 2HsO

S. A. Coase. Analyst. 89, 462 (1934) 40

GeOj
111-1886

Germanium dioxide isTdlssolved in fused cryolite and electrolysed

using a graphite cathode.

GeOt^ Ge + Oj

L. M. Desfiis 2., aaorg. Cbem., 174, 102 (1928) g6
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GeS

in-lSS6

Gemanous iodide is prepared by the action of concentrated bydriodic
acid on germanous sulfide.

GeS + 2HI-^Ger, + (H^)

W. C. JobneoD, G. H. Morey tod A. E. Kott, J. Am, Chtm. Soc., 64, 4279 (1932) /

0 ,

GeS

Germanous sulfide is heated in air to bright redneas.

GeS + 20j GeOt ^ 80i

C- Winkler, Ber., 24, 891 (1891)

1114887

66

GeSt
HNOj 1114888

Germanic sulfide is treated with nitric acid.

GeS, + 4HN0, GeO, + (2S0, + 2H,0 + 4N0)

h, M. Dennis and W. C. Johnson, J. Am. Chetn. Soc., 46, 1380 (1928) /

GeS,

H, m486d
The optimum temperature for the reduction of germanium disulfide

to the mono-sulfide is 480^0.

(a) GeO, + 4Ha GeCl^ + 2H,0

(b) GeCIi + 2H^^ GeS, + 4HC1

(c) GeS, + H,^GeS + H,S

L. M. Deimia and S. M. Joseph, J. Phys. Chem., 31, 1716 (1927) 86
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H,0

GeSi
III-1890

Freshly precipitated germanium sulfide reacts with water forming

germanium oxide and hydrogen sulfide, particularly If heated.

GeSj + 2H,0- GeO, + 2H,S

P. T- aeve, Sv. Kcm. TiaBk., X, 39 (1889) 10

KiO

GeSt
1114891

Germanic sulfide can be conveniently transformed to the dioxide by

simple hydrolysis. This decomposition is effected by injecting

a current of steam into a water suspension of the sulfide.

(GeS, + 2H,0 GeO, + 2H^)

Muller and Eiener, Anal. Ed., 4» 134 (1932) lU

GeSs

,
III4892

An ammoniacal solution of germanic sulfide is oxidised by hydrogen

peroxide.

GeS, + 6H,0, ^ GeO, + (2SO, + 6H,0)

W. 0. JoboBoa and Ia M. Dannia, J. Am. Cbam. 8oc.| 4T, 790 (1925) /

GeS,

HgCli ni-1893

Germanium tetrachloride is formed when a mixture of germanium

sulfide and mercuric chloride is gently heated.

GeS, + 2HgCl, Gea4 + (2HgS)

Winkler, J. f. prakt. Chem., 38, 188 (1887)

Ref., J. H. K., Am. Cham. J., 10, 246 (1888) J
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Hi ni-lB94

Passing hydrogen gas over germanous nitride at 500-600^ reduces the
nitride to metallic germanium.

GejNj + 3H, ^ 3Ge + 2NHj

W. C. Johnson and G. H. Ridgely, J. Am. Chem. 8oe., M. 2395 (1934) i

A
Ge,N,

Germanous nitride decomposes into its elements at 350^.

GeiNf — 3Ge + N»

W. C. Johnson and G. H. Hidgely, J. Am. Cbem. Soe., 63, 2896 (1934)

IIMS96

I

Ge,Ni
CU ni469e

At 600-700^C the reaction between germanic nitride and chlorine

gas proceeds rapidly.

GesNs + eat 3GeCU + 2Nt

W. c. Johnson, J. Am. Cbsm. Soc., 62, 6163 (19W) 1$

GeJIt
Ht 1I1-1897

When germanic nitride is heated to 700^0 in a stream of hydrogen gas,

reaction is extremely rapid.

GetNt + 6Hs — 3Ge + 4NHt

W. C. Johnson, J. Am. Chem. Soc., 32, 5132 (1930) 1$

GetNt
A ni-i$9S

At high temperatures, germanic nitride evolves nitrogen.

GeiN4-^3Ge + 2N,

C. U. Morey and W. C. Johnson, J. Am. Chem. Soc., 54» 8603 (1932) 16
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GeJ<.
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ni-1899

Germanic nitride decompose into ite elements above 900".

G«iNi-^3Ge + 2N»

* V J r n nidaely 4. Am. Chem. Soe., 58, 2395 (19W)

W- C. JohMOD and G. H. KHig«y.
»»

H,GeF,
ni4900

“’'kog™™ .»d, .bumri by G.«. + H,F, U lr»t«i wiU. c»«.

fluoride.

2GeO, + 5H.F,- H.GeF. + GeF, + 4H.0

(b)
HjGeF. + Cs ^ CaiGeF. + H,F,

Skiibal »Dtl Grib«r, MonaWh, SB, 19 (1917)

H,GeF.

KiF
ni-1901

Fluogermanic acid in acid solution reacU with potassium fluonde.

HjGeF, + KjF, -> K|GeF« + H,Fj

G. KrUM end L- F. Nilson, Ber., 20, 1696 (1687)

H|GeFi

NHiOH
IU-1902

Hydroxylamine fluogennanate is formed when a cooled soluti^

of fluc^ermanic acid is treated with «ther hydroxylamine or the

hydrocUoride.

HiGeFi + 2NH,OH + 2H:0 -* (NH,OH), HiGeFi 2H*0

L. M. Dennie and SUneslow, J. Am. Chem. Soc., 56, 4392 (1933)
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H,GeF.
NH| in-1903

Ammonium fluogermanate is precipitated when pure ammonia gas is

passed through a cooled solution of flucgermanic acid.

H,GeF« + 2NH>^ (NHQtGeF^

L. M. Dennis and Staneelow, J. Am. Chem. Soc.» 69, 4392 (1933) /

KtGeF«
KiSOi III-1904

A mixture of potassium fluogermanate and sulfuric acid is heated

till the excess of sulfuric acid is removed.

KjGeF* + H^04— GeF4 + (KiSO* + H,F,)

C. Winkler, J. f. prakt. Chem. (21, 36 ,
194 (1887) 35

KtGeOi

CH,COOH in-1906

From a solution of potassium germanate hydrated germanium

dioxide may be precipitated by addition of glacial acetic acid.

KiGeOi + 2CH,COOH GeOi + 2CH,COOK + H,0

H. H. Willard and C. W. Zuehlke, J. An. Chem. 8oc., $6, 1888 (1943) M

KtGetSi

I, 111-1906

Excess hydrogen sulfide may be removed from a potassium thio-

germanate solution by passing a rapid stream of carbon dioxide

through the solution, after which the sulfide ion is determined by

treatment with an excess of standard iodine solution and back titrated

with sodium thiosulfate solution.

KiQeSi + + 8H,0 ^ 5S + 2Ge(OH)4 + SHI + 2KI

Hobart H. Willard and C. W. Zueblke, Anal. Ed., 16, 322 (1944) M
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MgiGe
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nM907

«um germanide is treated with hydrocWoric acid at a low

Magnesium

temperature.

MgsGe + 4HC1 -* 2MgCl, + GeH.

2MgtGe + 8Ha 4MgCl, + GcjHi + H,

3Mg,Ge + 12Ha- 6MgCl, + Ge.H. + 2H,

(a)

(b)

(0)

L. M. Denny, R. B, Cnrey andR. W.
J- Am. Chem. S«., «, 667 (i924) J

NaGeHi
m-iw8

When oxygen is introduced into a solution of sodium trih^ro-

^anSL liquid ammonia, a white, solid prec.p.tate .s formed.

NaGeH, + 20i- NaOGe(OH)»

C. A. Kraue and E. 8. Carney, J. Am. Chem. 8^,. «•™ le

NaGeHi
m-1909

With rising temperature sodium trihydrogermanide decomposes to

evolve hydrogen. The rate of evolution of hydrogen is greatest

at around 125’C, although hydrogen is slowly evolved at temperatures

Up to 360*C.

2NaGeH,-^2NsGe + 3H,

c. A. Kraut and E. 8. Carney, J. Am. Chem. Soc., W, 767 (1934)
^ ^ ^

NaHGoOl

H,0
m-mo

Sodium bigermanate hydrolyses to yield sodium hydroxide and

germanic acid.

NaHGoOi + HtO NaOH + H*GeOi

C E. Guletian and J. H. Muller, J. Am. Chem. 8o«., 54, 3153 (1932) 16



w

GOLD

Au
AuBr* lll-mi

The electrochemical behavior of gold in hydrogen bromide solutions
is studied and discussed.

SAuBrt —» 2Au + AuBrJ+ + 2Br“

G. Gn]b« and T. Morita, Z. Elektrocbem., SB, 117 (1032) $$

Au
Br* ni.l912

Bromine reacted with gold, forming auric bromide.

2Au + 3Brj -* 2AuBr«

J. W. Mallet, Trans. Roy. Soc. (london), 180, p, 412 (1880) t06

Au
Cd ni-1913

A careful analysis of the freesing point data of Heycock and Neville,

J. Chem. Soc., 69, 936 (1891), for the system gold-eadmium-tin shows
that the two following compounds are formed as stable phases.

(a) Au + Cd — AuCd

(b) Au + 3Cd -4 AuCdi

E. S. Shepherd, J. Phys. Cbem., 8, 92 (1004) 7

Au
Cl in-1914

Gold can be dissolved if it is made anode in hydrochloric acid elec-

trolysis:

Au -h 3C1(atoms) + HCl -4 HAUG4

Emil WohlwUl, Z. Elektrochem., 4, 383 (1898) 8$

548
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ni-19l6

Clt

Auric chloride can be prepared by the direct Mtion ol cUorine

on^etallic gold, provided that the temperature la kept high enough.

(2Au + 3Cl* —* 2AuCli)

Geohaed KrUa, Ann., W, SO (ISSn

Ref., J. W. Mtaiet, Am. Chem. J-e ^
17m

Cl,

Gold i* attacked by free chlorine at 200«C. At 300-350» the chloride

decomposes hack into gold and chlorine.

(8Clf + 2Au 2AuCli)

A. Jiquerod md M. Tourp«AO» L Chin, phyt., II, 3 (1918)

Cl,

Au
m-1917

Chlorauric acid may be prepared by treating pure gold in hydrochloric

acid suspeosion by chlorine. Evaporation of the solution obtained

yields the trihydrate.

2Au + 2HC1 + 3C1, + 6H,0 2HAuCl4‘3H,0

J. Jkcobftea, Compt. reod., 14e» 1214 (1903)

HCl

Au
nM918

HKO,

Gold waa dbsolved in aqua regia, forming auric chloride.

2Au + 9HC1 + 3HNO,^ 2AuCl, + {3N(X3 + OHjO)

W, C. Rcberts-Aiifitin, Trans. Roy. Soc. (London), 179, 349 (1888) t06
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Au-Pt alloy

HCl

HNO,
in-1919

Aqua regia was added to gold 10 parta platiaum 90 parts alloy, form-
ing auric chloride; it was then reduced to metallic gold by oxalic acid
for the purpose of analysis.

(a) 2Au H- 9HCI + 3HNO|-* 2AuCl, + SNOCI + 6H,0

(b) 2AuCl, + 3HiC,0* 2Au + (6CO, + 6HC1)

Edward Matthey, Trans. Roy. 8oe. (Loodoo), ia$, 637 <1S92) so$

Au
HCI ni4920

HNOa

When gold dissolves in aqua regia, it goes entirely into the auric

state.

Au + 4HCI + HNO, HAuCL + 2H,0 + NO
Victor E. HerscbUg. Anal. Ed., U, 561 (1941) U

Au
HCl m-1921

HNO,

An intermediate gold oxide is obtained when gold is dissolved incom-

pletely in aqua regia in which hydrochloric acid is in excess.

2Au + 3HCI + 3HNO, Au,0, + (3N0C1 + 3H,0 + 0)

Prat, C^mpt. rend., 70, 843

Ref., J. Am. Chem. Soe., 3S, 1136 (1903) 1
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Au
ni-1922

HCl

HNO,

SO:
'

Impure gold is dissolved in aqua regia, diluted wUh water to p

hydrochloric acid untU all of the n.tr.c ac.d «
.
3"^°;

phlorauric acid may precipitate during this procedure, but may be

rSolvil by Se addition of water. The solution so obtamed «

dUured with water and sulfur dioxide is passed into it until P«cipito-

«on is complete. The precipitated gold U filtered off and washed

with water. It is then dried at 170-180 C.

(a) Au -1- HNO, + 4HCI— HAuCU + NO -I- 2H,0

(b) 2HAua4 + 6H,0 + 3SO. -* 2Au -1- 3H,SO, -h 8HC1

G. Krutt, Anft-, a3«r 43 (1887)
to

HI

Au
m4923

When hydrogen iodide is directed into ether conUining gold leaf,

some gold is dissolved.

2Au + 6HI - 2AuIi + 3H*

J. Niokl«, Compt. read., €2, 756 (1886)

HI

Au
UI-1924

FesOi

In the presence of the higher oxides of some metals such as iron,

manganese, and bismuth, hydriodic acid reacts with gold to form

aurous iodide.

2Au + Fe>0, + 4HI ^ 2AuI + (Fell + FeO + 2HiO)

J. Nickles, Compt. read., 62, 756 (1866)
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Au
m-1926

HCl

Cesium auric chloride is formed when gold is dissolved in aqua regia
and a hot solution of cesium nitrate added.

(a) 2Au + 3HN0, + SHCI 2HAuCl« + 3HNO,+ HCl + 3HsO
(b) HAuCIi + CsNOi CsAuCL + (HNOt)

L. McCluftkey and L. Echelberger, J. Am. Chem. 8oe., 4$» 137 (1926) i

Au
H,Os UM92e

Gold reacts with and dissolves in an acid solution of hydrogen
peroxide.

(a) 2Au + H,0, Au,0 + (H,0)

(b) Au,0 + H,Oj ^ 2Au + H,0 + Oi

T. Fairley,

Ref., R. Gerrtl., Ber., 9:1, 948 (1876) SS

Au
HjSeO^ III4927

Gold leaf dissolves in concentrated selenic acid at 300^ with the

formation of auric selenate.

2Au + AESeOi^ AutCSeOOa + SeO, + (2H,0 + 2H,)

V. Lenher, J. Am. Chem. Soc., 24, 355 (1902) I
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Au

553

1114928

h
CU

A rrood yield of lemon-yellow, crysUlline, aurous t^ide is obtained

?v shaking precipitated gold with a solution of iodine in pot^ium

Side for sLen to twenty-four hours at 0.)

may be prepared by dechlorination of aunc chlonde (b), at room

temperatures aurous chloride slowly decomposes (c), aurous bromide

behaves similarly.

2Au + 1*-^ 2AuI

b) AuCli AuCl + C\f (120-200"C)

3AuCI- AuCIi + 2Au

F. H. CampWl, Trans. Faradsy Soc.» 1, 104 (1907) SS

EBr

Au
in4929

Twenty parts of finely divided gold and 12.5 parts of dry potassium

bromide, (dissolved in 24 times its weight of water) are treated with 30

parts of bromine in a stoppered flask set in a warm place until all of the

gold has dissolved. Evaporate the contents of the flask on the water

bath to dryness, dissolve residue in water, filter and concentrate until

a portion solidifies on a stirring rod. Cool, crystals separate which

are recrystallized to remove the potassium bromide. Auric bromide

with five HjO remains.

(a) 2Au + 3Brj + 2KBr — 2KAuBri

(b) KAuBfi + 5H4O KBr H- AuBrrSHjO

P. Schoitl&nder, Ann., 217, 314 (IS83) fO

Au

KCN III-1930

A .25% solution of potassium (or sodium or calcium) cyanide dissolves

gold from ore in presence of excess tur.

4Au + 8KCN + Oi + 2H 2O ^ 4KAu(CN)2 + 4KOH

C. Spearinan, Ctn. Cbem. & Met., 9, 56 (1925) IS
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Au
KCN 111-1931

Gold is dissolved in alkali cyanide according to the equation:

8KCN + Au + Oi + 2H,0 4KAu(CN), + 4KOH

EUner. J. f. prakt. Chem., $7, 44t (1888)

Ilcl., J. J. Aadiejew, Z. Elektrocbm., 19, 6C7 (1913) 8$

Au
KCN I1I-1932

0 *

Finely divided gold suspended In potassium cyanide and boiled in

presence of air forms the double potassium aurous cyanide and

potassium hydroxide.

4KCN + 2Au + 2HtO 2KCN AuCN + 2K0H + (Hi)

C. G. Lindbon, Acta Univ. Lund., 19, 9, Ko. 6, 10 (1870) 10

Au
KCN III-1933

0 ,

Gold can be dissolved in potassium cyanide if the cyanide solution

is exposed to air to dissolve oxygen.

4Au + 8KCN + 0i + 2H,0 ^ 4(AuCNKCN) + 4K0H

K. S. Keitb, Trans. Am. El. Cbem. Soe., 3, 229 (1903) 8

KCN
Au

II1-1934

It was found that the amount of gold which could be dissolved in

potassium cyanide solution is dependent upon the amount of oxygen

present. In a solution which was free from oxyen^ the amount of gold

which reacted with the potassium cyanide solution was negligible.

The fact applies equally well to silver.

(a) 4Au + 8KCN + 2H,0 + 0i 4AuCN KCN + 4KOH

(b) (4Ag + 8KCN + 2H,0 + Ot 4AgCN KCN + 4KOH)

J. 8. Maclaurlo, J. C^cm. Soc. (London), $7, 199 (1895)
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ni-193B

^’*^The compound K.O, formed by burning potassium is a powerful

Sdising agent, converting metallic gold into potassmm aurate.

(a)

(b)

2K + 20»

K,04 + 2Au

K,04

2KAuOs

K. A. Hofmann and fl. Biendlmaier, Ber., 39, 3184 (1906)

Re/., J. Am. Chem. Soc., 29, 3821 (1907)

Au
ni-1936

MnCL
,

Gold is dissolved by aqueous or ethereal solutions of manganese, cobalt

or nickel perchlorides.

2Au + 3MdCL- 2AuC\t + 3MnCli

Au + 3CoClt*^ Audi + 3CoCl*

Au + 3NiCli —> AuCU + 3NiCli

J. Nickk*, Compt- rend., 32, 755 (1866)
g9

HaSOi

Au
in-1937

SOH
When precipitated gold is added to fused sodium peroxide, sodium

aurate is formed. Auric hydroxide is precipitated from the aurate

by dilute sulfuric acid.

Potassium aurate is prepared by treating auric hydroxide with

potassium hydroxide.

(a) 2Au + 3Na:Ot 2NaAuOi + (2NajO)

(b) 2NaAuOj + HiSOi + 2H,0 AutQt(0H),-2H>0 + (Na^00

(c) AujO,{OH)r 2H,0 + 2KOH 2KAuO, + (4H^)

F. Meyer Compt. rend., 146, 805 (1907)

Ref., E. HortOQ, J. Chem. Soc. (London), 944, 47 (1908) 57
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Au
S ni-1938

If gold is'heated in its form of an alloy with some other metal, with

sulfur the compound Au«S is formed along with the sulfide of the

alloyed metal.

(2{Au,Cu) + 2S ^ CutS + Au,S)

J. S. MacUurifi, J. Cbem. Soc. (Loodon), 69:2, 2, 1270 (1896) i03

Au
SOCU ni-1939

Gold foil reacts very slowly and incompletely with thionyl chloride,

after several days heating at 200" in a sealed tube.

2Au + 4SOC1,^ 2AuCI, + (2SO, + SiCU)

H. B. North sod A. M. Hagemao, J. Am. Chen. Soc., 94, 892 (1912) I
,

Au
SO,Cl, ni-w40

Powdered gold ore Is treated with excess suifuryl chloride, placed in a

sealed tube and the mixture maintained at 160" in an oil bath for

many hours. When the reaction is complete red crystals, AuCU,

appear and, on breaking the tube, $0, gas escapes.

2Au + 3SO,Cl, 2AuCU + 3SO,

H. B. North, Bull. soc. cbio. (41, 9 , 647 (1911) SJ

Au
m-1941

A study of the fusion curve formed by mixtures of gold and tellu-

rium, particularly those of more than 60% gold, shows that the

solidification temperature reaches a maximum at 472", where the com-

pound AujTei, known as Calsverite, apparently existe. No indica-

tion of a compound corresponding to Au,Te is given.

2Au + 4Te^ Au,Te4

H. PSlabon, Compt. rend., 146, 1176-7 (1909)
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m-1942
Hi

Hydrogen gas precipitates metallic gold from auric solutions.

(2AU+++ + 3Hi^ 2^ + 6H*^)

3 ,
Bussell, J. Chera. Soc. (U*ndoD), 27, 11 (1874)

CsBr

AuBr»
m-1943

A solution of gold bromide will react with a solution of cesium

bromide yielding a black precipitate.

AuBrs + CsBr- CaAuBrt

H. L. Welts and H- L. Wheeler, Z. enorg. Chem,, 2, 304 (1892)

HBr

AuBri
111-1944

Auric bromide and potassium bromide reacted, forming potassium

auribromide.

AuBri + KBr — KAuBr4

J. W. Mallet, Trans. Roy- Soc. (London), 180, 413 (1889) iOS

A\xBu

Zn IU-1946

Auric bromide was treated with sine, forming gold and sine bromide.

3Zd + 2AuBr» 2Au + (3ZnBrt)

J, W- Mallet, Trans. Roy. Soc. (London), 180, 431 (1889)
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AuCl
Mg(OH), in-1946

HNOi

80 grams of gold monochloride are decomposed by treating with water
and the solution filtered to remove the precipitated gold. The
filtrate is heated to boiling and magnesia added while stirring vigor-
ously until the liquid is colorless. Filter and suspend the residue in
1600 cc of water. Add 800 cc <rf nitric acid (sp. gr. 1 .40) and allow to
stand 24 hours. Filter and suspend the residue in an equal volume of

water and heat to boiling under a reflux condenser for six hours.

Filter and wash the residue with hot water. Auryl hydroxide is

formed.

(a) 3AuCI -4 Audi + 2Au
(b) 2AuCli + 4Mg(OH), Mg{AuOi), + 3MgCli + 4HtO
(c) Mg(AuO,), + 2HNO, 2AuOOH + Mg(NO,),

G. KtOm, Ann., 2. 291, 290 (1887) $0

AuCOCl
AuCli HM947

A benzene solution of aurous chloride carbonyl reduces auric chloride

to the aurous form.

AuCOCl + AuClt^ 2AuCl + COCh

M. 8. Kbarasch and H. S. Isbell, J. Am. Cbem. Soe., 82, 2922 (1980) /d

AuCOCl
Br, in-1948

When a benzene solution of aurous chloride carbonyl is treated with

bromine, carbon monoxide is evolved.

AuCOCl + Br,^ AuClBrt + CO

M. S. Kharasch and H. 8. labeU, J. Am. Ghem. Soe., 62, 2922 (1980) tC
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in-m9

A benzene solution of aurous chloride carbonyl will evolve carbon

monoxide and dioxide on addition of water.

2AuC0Cl + H,0^ 2Au + CO + COi + 2HC1

M. S. Khar.«h .ad H. S. Isbell. J. Am. Ca^m. Soc., 0930)

AuCOCl
m-i9S0

A bensene solution of aurous chloride carbonyl liberates carbon

monoxide when treated with potassium iodide.

AuCOCl + KI -• Aul + CO + KCI

M. S. Kbarssch and H. 8. laUU. J. Ap. Chem. Soc., »S. 2922 (1930)

AuCOCl
m-1961

PCli

When a bengcne solution of aurous chloride carbonyl is treated with

pWphorus trichloride, carbon monoxide is liberated.

AuCOCl + PCli ^ AuClPCl, + CO

M. 8. Kharuch and H. 8. labell, J. Am. Chem. Soc., 2922 {1930)

AuCOCl

Decomp.

Aurous chloride carbonyl (formed by the action of dry carbon

monoxide on dry auric chloride) at 120* decomposes into metallic

gold, carbon monoxide and phosgene.

2AuCOCl^ 2Au + CO + COCL

M. S. Kbaraach and H. S. bbeU, J. Am. Chem. Soe., 62, 2920 (1930)

in-1962
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AuCOCl
Decomp. III-1953

In vacuo, solid aurous chloride carbonyl loses carbon monoxide
leaving a residue of aurous chloride.

AuCOCl AuCl + CO

M. S. Kharascb and H. S. labell, J. Am. Chem. So«., 9992 (1930) 16

AuCli
AgF m-1954

Auric hydroxide is precipitated quantitatively along with silver

chloride when solutions of silver fluoride and auric chloride are

brought together.

AuCl> + 3AgF + 3H,0 3AgCl + Au(OH)t + 3HP

8. Be&edict and J. F. Snell, J. An. Cbem. Soc., 85. 1133 (1903) i

AuCli

AgiCrOi ni4958

A solution of auric chromate is obtained by treating an excess of

freshly precipitated silver chromate with a solution of auric chloride.

On evaporation the solution deposits first gold, and then an acid

chromate of gold.

(a) 2Auai + 3Ag,Cr04 AutCCrOO, + (6AgCl)

(b) 2Aut(CrO0j 4Au + (fiCrOi + 30*)

(c) Aui(Cr04)j + CrOi^ Aut(CrOi)i*CrOi

N. A. Orbff, Chem. Zeit.. 81. 1189 (1907)

Ref.. W. H. Glover, J. Cbem. 8oc. (London), 94 :3 , 48 (1908) 67

AuClf

Au.S* ni-1966

Gold chloride acts on Au*Ss in the presence of water to form metallic

gold, hydrochloric acid and sulfuric acid.

4AuCl* + AusS* + 8H,0^ 6Au + 12Ha + 2H,804

U. Antony aod A. Luccbesi, Gas*, chim. ital., 19, 555 (1889) 8i
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CfliNHs
I1I-1957

Methyl ammonium aunc iodide is precipitated when methyl amine

Sroi^dide made by action of methyl amine on hydriodic acid, is

treated with auric chloride solution,

u) 2CH,NH, + 2HI ^ 2CH.NH*HI

(b) 4CHjNHjHI + AuCli CH|NHtHI > Aul> + (3CH|NH*HC1)

8. D. Gupta. J. Am. Cbem. 8oc., SO. 748 (1914) i

AuCIi

iCEthS

A flocculent white precipitate is produced when methyl sulfide is

treated with a solution of auric chloride.

(CH,).S + AuCl. -* Auq(CH,)tS + (Clj)

p, C- Phillips, J. Am- Chem. Soe., 28, 257 (1901)

1IM968

AuCij
nM959

When dry carbon monoxide U passed over anhydrous auric chloride at

a temperature of 100^-130®, a low yield of aurous chloride car-

bonyl is obtained.

(it) AuCls ^ CO AuCI + COCU

(b) AuCl + CO AuCOCl

M. 5. Kharasch and H. 3. Isbell, J. Am. Cham. Soe.» 82, 2925 (1980)

AuCl*

CrHOiSj m-1960

Gold chloride will be reduced to metallic gold by mercapto benzo-

thiazol.

AuCl* + CtH^NS*^ Au +?

Q. 8pacu and M, Kuros, Z. aoal. Cbcm., 104, 88 (1936) £6
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AuOlt

CkHjNH, HCl III-1961

Gold chloride will react with a 0.1% solution of Alpha-naphtylamine

hydrochloride yielding a red precipitate.

AuCl, + CioH7NHrHa-> AuCl>Ci0H7-NHrHa + (CU)

H. HoUer and W. Relf, Z. aatl. Chem., 92, 12 (1933) US

AuClt

CaCOj in‘1962

Calcite reduces gold chloride at 310* under pressure to metallic gold.

2Auaj + aCaCOi- 2Au + (3CaCI, + 3CO, + 30)

H. H. Morria, J. Am. Cbem. 8oc., 40, 927 <1913) /

AuCIi

CaOi in-1963

Calcium peroxide precipitates metallic gold from gold solutions.

2AuCU + 3CaO, + (3CaClt + 30j)

V. Lenher. J. Am. Chem. Soc., 33, 1424 (1914) i

AuCli

(

111-1964

Solutions of gold chloride and cesium chloride will react with each

other yielding a yellow precipitate.

AuCU + CsQ -> CsAuCU

H. L. Wells and H. L. Wheeler, Z. anorg. Cbem., 2, 304 (1892)

Csl

AuCli
in-me

Cesium auric iodide is precipitated as a black compound when a solu-

tion of auric chloride is added to a solution of c^ium iodide.

AuCl, + 4CsI -. Csl Aul , -I- (SCsQ)

S. D. Gupto, J. Am. Chem. Soc., 36, 748 (1914)
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FcSO
in-1966

A solution of ferrous sulfate precipitates gold from a solution of

gold chloride.

2AuClj + 6FeS04 —» 2Au + 2FeClj + 2Fei(S04)»

B- 0, R. Afdagh, F- B. Seaborne end N. S. Grant, Can. Cbem. A Met., B, 140

<1024}

AuCli

FeS04

Metallic gold may be precipitated from an auric chloride solution

free from nitric acid with an excess of ferrous sulfate solution or other

reducing agent.

Audi + 3FeS04 — Au + Fef(S04)i + FeCU

Victor B. Hemblag, Anal. Ed., 1S| 661 (1941)

in-1967

AuCli

HBr UM968

By repeatedly treating auric chloride with hydrobromic acid, hydro-

bromoauric acid was formed.

(a) Aud, + 3HBr ^ AuBr, + (3HC1)

(b) AuBfj + HBr — HAuBr4

J. W. Mallet, Trane. R07 . 80c. (London), 160, 406 (1889)

Aude
111-1969

Auric chloride, treated with an excess of hydrochloric acid, forms

hydrochloroauric acid.

AuCU + Hd HAua4

J. W. MftUet, IVana. R07 . Soe. (London), 160, 406 (1889)
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AuCU
H, IIM970

Metallic gold is precipitated from its solutions by hydrogen gas.

(2AuCl, H- 3H, ^ 2Au + 6HCI)

G. Russell,

Ref., R. GeraU, Ber.. 6, 1424 (1S73) tl

AuCU
Ht in-l971

Hydrogen passed into gold chlonde solution precipitates powdered

gold.

2AuCU + 3H* 2^ + (6HCI)

T. Svedberg, Ark. Kem., Mio., Geol, 8, 16, 5 (1909) 10

AuCU
HsCjO* ni-1972

Auric chloride was reduced w*itb oxalic acid, forming gold, carbon

dioxide, and hydrochloric acid.

2AuCU + 3HjC>04 2Au + (6COi + 6HCI)

W. C. Roberts^ Austin, Trans. Roy. 8oc. (London), 949 (1889) 106

m-1973
Audi

HfCsOf

A concentrated solution of oxalic acid precipitates gold from a

solution of its chloride.

2AuCU + 3H,C,04 2^ +X6HCI + 6CO,)

E. G. R- Aidftgh, F- 8. Senbome and N. S. Grant, Can, Chem. & Met., 8, 140

(1924)
16

AuCli

HsOt III-1974

Gold solutions in contact with hydrogen peroxide yield metallic

gold and evolve oxygen .

2AuCU + 3H,0t^2^+ 30i + (6HC1)

V. Lenher, J, Am. Cbem. Soc., 96, 1424 (1914)
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H,S
ni-1976

A neutral aqueous solution of gold chloride fe treated with hy^^^^

faS at iom temperature. The

washed with water. The precipitate is gold disulfide AuaS,.

fiAuCU + 9H,S + 4H,0 ^ 4AutSt + 24HC1 + HtSOi

G. Ktum, Aon., 938, 38 {1887)
€0

KiS

AuClj
m-me

Gold chloride with hydrogen aulfide in water at a temp, of 90® will

yield gold, hydrochloric acid and sulfuric acid.

SAuCli + 3H,8 + 12H,0 ^8Au + 24HC1 + SHtSOi

C. Antony and A. iucchea, Gnu. chim. iUl., M, 601 (1890)

AuCU

HaS

H,0

IIM977

Gold chloride with hydrogen sulfide in the presence' of water and at a

temp, of about 38® yields gold sulfide, hydrochloric acid and sulfuric

acid.

8AuCl, + 9H,S + 4H,0 4Au.Si + 24HC1 + H,SO.

U- Antony »nd A. Luccberi, Gs*i. chim. iUl., SO, 601 (1890)

HgCl

AuCl»
III4978

Gold chloride mixed with mercurous chloride in the presence of an

excess of water and under ordinary conditions gives mercuric chloride

and gold.

3HgCl + AuCU ^ 3HgCl, + Au

U. Antony and A. Luccberi, Gm*. chim. ital., 196 (1896) tl
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AuCli

I, IIM979

Auric chloride aolution is reduced to aurous iodide by free iodine.

AuCU + ^ Aul + 3ICi

F. Cramp, Ber., T. 1723 (1874) //

Audi
KBr m-lOdO

Auric chloride, when treated with potassium bromide yields bromine.

AuCli + 2KBr AuCI + 2KC1 + Br,

V. Laohar, J. Am. Chem. Soc., IS, 734 (1913) t

AuCli

KCK ra-l98l

Solutions of auric chloride and potassium cyanide yield well-formed

crystals of the double potassium auric cyanide and potassium

chloride. Similar compounds may be made in which the potassium

may be replaced by Na, NH 4 ,
Ba, Cd, Zn, Sr, Ca or Co and the

cyanogen of the auric cyanide may be replaced by Cl, Br or I.

Audi + 4KCN - Au(CN)rKCN + 3Kd

C. G. Lmdbom, A«U Univ. Uiod., 12. 2, No. 3, 12-43 (1876) 10

KI

AuCIi
nM9S2

Auric chloride and potassium iodide solutions react forming aurous

iodide and free iodine.

AuCI, + 3K1 Aul + I, + 3Kd

Victor £. Herscblag. Anal. Ed.. 18, S61 (1941) U

El

AuCI,
in-1963

Auric chloride, when treated with potassium iodide liberates iodine.

AuCI, + 2KI ^ AuCI + 2KC1 + I,

V. Lenher, J. Am. Chism. Soc., 86 ,
734 (1913)
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667

nM984

permangaDate, od being allowed to stand for some time

J,th a solution of auric chloride, causes metaUic gold to be prec.pi-

tated along with manganese dioxide.

AuClj + 3KMnO*-^ + ZMuOj + (3KCI + 30t)

V. Lenter, J. Am. Chem. So«., 36, U24 (1914)

Audi
UM985

MgCOi
^ ^

Magnesite reduces gold chloride to metaUic gold above 310 under

pressure.

2AuCU + 3MgCOi -» 2Au + (SMgClt + ISOt + 3COj)

H. H. Morris, J. Am. Chem. Soc., 40, 927 (1913) 1

Audi
^ II1-1986

Mg(HCOt)8

Gold hydroxide and metallic gold are formed when auric chloride is

heated with magnesium bicarbonate at 322®.

SAuCli + 3Mg(HC0i)i
^ Au + 2Au(0H)i + {3MgCU + 6C0i + 3C1)

H- H. Morrie, J. Am. Cbom. Soo., 40, 927 (1918) 7

AuCli

MgO III-1987

Gold hydibxide is precipitated when a solution of auric chloride is

treated with magnesium oxide.

2Auai + 3MgO + 3H,0 -> 2Au(OH)t + (3MgCli)

H. H. Morris, J. Am. Chtm. Soc., 40, 920 (1918)
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AuCls

Ma(C 2H,0 }), m-19S6

A neutral aqueous solution of gold trichloride is treated with an

excess of an aqueous solution of manganese acetate. A precipitate of

gold trioxide forms.

2AuCli + 3Mn(CiH,0,), + 3H,0
AutOj + 3MnClt + 6CH,COOH

P. ScbottliDder, ^nn., 817, S20 (1383)

AuOi
Mn(C,H,0,)i m-1969

Br,

Manganese dioxide, prepared by the action of bromine on manganese

acetate precipitates metallic gold from slightly acid, neutral or

alkaline solutions of gold.

(a) Mn(CjHA)j + Br, + 2HtO ^ MnO> + 2HC,H|0| + 2HBr

(b) SMnOj + 2AuCU (3MnCU + 30i) +^
V. Lenher, J. Am. Cbem. Soc., 86, U84 (1914) i

Audi

NH4OH in-i9w

A precipitate of fulminating gold was formed by mixing auric chloride

and ammonium hydroxide.

(a) AuCl, + 3NH4OH^ Au(OH), + (3NH4a)

'

(b) 2Au(0H)j —^ AuiOi + (3H|0)

(c) AuiOi + 4NH40H ^ Au,Or4NH, + {4H*0)

J. W. Mallet, Trans. Roy. Soc. (Londoa), 180, 481 (1889) lOS
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III-1991

NH,OH

TCCK

Potassium aurocyaoide can be prepared for electrol^is by precipi-

Uting gold chloriL with ammonium hydroxide and heating it with

saturated potassium cyanuide.

(il\ r2AuCli + 6NH«0H -* AujO + aNH^CI + 3HtO + 0%)

‘(b)
‘ (Arf + 4KCN + HAJ - 2KA«(CN). + 2KOH)

J. W. MaU«t, Am. Chem- J., 13i 190 (1890)

Audi

NaBOi

Sodium perborate precipitates metallic gold from gold solutions.

in-1992

2AuCli + 6NaB0i + 9HiO 2Au + (6NaCl + 6H,BO, + 90)

V- Linber, J. A™- Cbem. So<., 36. 1424 (1914)

KaHiPOi

AuCli
m-1993

A green solution containing finely divided gold is formed when a solu-

tion of auric chloride is treated with a 10% solution of sodium hypo-

phosphite in presence of a trace of sulfuric acid.

2Audi + 2NaH,PO, + 3H,0
- 2Au + (2NaCl + 2H|PO, H- 4Hd -f 0)

M. 0. Lea. Am. J. Sci., 163. 64

Ref.. J. Am. Chem. 8oc., 19. 61 (1897)

AuCIi

Sodium peroxide precipitates metallic gold from gold solutions.

IIM994

2AuCli -I- 3Na,Ot^ 2Au + 30, + (6NaCl)

V, Lecher, J. Am. Chem. Soe., 36, 1424 (1914)
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AuCU
NasS^O, nM995

Sodium aurotbiosulfate ia formed when an aqueous solution of auric

chloride reacts with sodium thiosulfate dissolved in water.

AuCU + 2Na,Srf)t Na,Au{S,0,), + (NaCl + CU)

M, J. Fordos aod A. G61iS| Ann. chim. pbys. |3) 19 » 394 (1345)

R«f., McCluakey and Eichelberger, J. Am. Cbem. Soe., 49, 137 (1926) !

Audi
NajSiOi III-1996

Aurous sodium thiosulfate is formed when a solution of sodium

thiosulfate is precipitated with auric chloride solution.

SNaiStOi + 2AuCI»^ 2Na>Au(S>Q>)t + SNatSA + 6NaCl

M. J. Fordos nod A. G41is, Ann. cbicn. pbys. (3), 13, 394 (1945)

Ref, J. Am. Chsm. Soe., 23, 109 (1900) 1

Audi
NaiSiO^ IIM997

Solutions of sodium hyposulfite reduce solutions of gold chloride to

metallic gold.

2AuCU + 3Na,Si0i^ 2Au + 6NaCl + 6SOi

0. Brunck, Ann., 327, 245 (1903) 9(7

Audi
NaiTe m4W9

Sodium telluride reduces gold chloride solution to metallic gold.

2AuCU + Na,Te^ 2Nad + Ted* +^
C. A- TibbaJa, Jr., J. Am. Chem. 8oc-, 31, 911 (1909) I
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in-1999

nredpitates gold from its solutions. In

^M^l'^'^snSM'/bluror videt-blue colloidal solution is obtained;

i^e^coneentrated Eolutions cause precipitation of the slightly impure

metal*

2AuCU + 3NaJ^e,(P,0,), 2^+ (6NaCl + 3Na,Fe.(P,0,).)

p. Pa«5Bl, Compt. ren4., W»
S8

OSO4

AuCIt
ni-2000

Osmium tetroxide solution made alkaline with sodium hydroxide

precipitates gold from gold solutions.

OAiiHL + 20s0i + lONaOH^
• -4^ + (6NaCl + 5H,0 + 2Na,0804) + 2.60,

V. Leober, J, Am. Chem. Soc., 8$, 1424 (1914)

AuGi

PbOj
111-2001

#

Lead peroxide precipitates gold from gold solutions which are either

neutr^ or alkaline.

2AuCl, + 3PbO, + (3PbCU + 30,)

V. Lenber, J. Am. Chem. Soc., 34, 1424 (1214)

PbiOi

AuCli
I1I-2002

Red lead precipitates metallic gold from gold solutions which are

either neutral or alkaline.

2Aua, -t- Pb,04 2^ + (3PbCU + 20,)

V. Lenber, J. Am. Chem. Soc., 3$, 1424 (1914)



572 ENCYCLOPEDIA OF CHEMICAL REACTIONS

AuCl,rAuiCli")

Pt 1II-2003

Platinum foil becomes covered with a coating of gold when warmed
for 18 hours in a solution of auric chloride.

2AuCU + 3Pt 3PtClt + 2Au(“Au,Clt”)

0. Saintpicrrc, Compt. rend., 54, 1070 (1862) SO

Audi
Zn ni-2004

When auric chloride is treated vnih sine, gold and sine chloride are

formed.

3Zn + 2AuCU 2^ + 3ZnCI,

J. W. Mallet. Trans. Hoy. Soc. (London). 180. 431 {18$9) WS

Audi
Adenine III'2005

When auric chloride is reacted with Bolutions of adenine hydrochloride

a yellow crystalline precipitate of adenine chloroaurate is formed.

Decomposes at 27$-'280*C.

CiHiNi Hd + Audi CiHiNiHd Audi

Y. Hiwatarj, J. Bioebem. (Japan), 7, 154 (1927) di

Audi
Betaine 1II-2006

When betaine hydrochloride is reacted with auric chloride solutions,

yellow insoluble prisms are formed. M.P. 235^.

CiHiiNO, HCI +AuCli CiHnNQi Hd Audi

Y. Hiwatari, J. Biochem, (Japan), 7, 172 (1927) 8/
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AuCli
III-2007

Cbolin®

Whaa eholine cUoride U react^ witj. d awic chloride a

yello^v flaky precipitate is formed. M.P. 256-266 C.

CjHhNOjCI + AuClj C<Hi4NOtClAuCli

y. Hiwftlari, J. Biochem. T> 16$ (1927)

AuCU

Cinnamyl

EphedrineHCl

A test solution of gold chloride when mixed with a solution of cin-

naroyl ephedrine hydrochloride forms a yellow precipitate consisting

of oily or resinous material.

ClKhONCI + AuCI>-» C»H,.ON AuCU

Walsh »nd Keansn, J. Am. Pbsrm. Asao., 80, 123 (1941)

m-2(X)8

AuCIt

p-pbenylenediiolne

H2$0«

A 0.5% water solution of auric chloride is treated with a HsS04

m-phenylenediamine solution (5: 1000) A yellow to dark brown de-

velops due to the reduction of the gold salt to metallic gold in colloidal

form. A 5% Audi solution gives a violet color.

Audi + C.H4(NH,),- Audt CiH,(NHi)i + Hd

J. A. SiemMen, Chem, Ztg., 3$, 934

III-2009

Audi

17 ,N' dimethyl putrescine m-2010

Auric chloride if dissolved in dilute hydrochloric acid acts upon N,N'

dimethyl putrescine under precipitation of the chloroaurate of this

base.

(2AuCl, + 2HCI + CiHii N,^ CJIu N,-2HAuCI0

W. Keil, Z. physiol. Chem., 196. Si (1931) H
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Audi
Hypozanthiae 11I-201X

When hypoxanthine hydrochloride id reacted with solutiona of auric

chloride an orange yellow crystalline precipitate is formed. M.P.

245-248®,

CiHiN40 HCI + Audi C1H1N4OHCI AuCli

Y, Hiwfttwi, J. Bioebem. (Japes), 7, 165 (1927) 6i

AuCli

Light in-2012

When in contact with organic substances auric chloride is changed

by light to aurous chloride, and then to metallic gold.

(a) AuCIi — AuCl + Cli

(b) 2AuCl 2Au + Oil

F. P. Venable, J. Am. Chem. 8oe., il. 223 (1899) 1

AuCli

Putreseine 1II«2013

When putrescine hydrochloride is reacted with auric chloride solu*

tions a yellow precipitate is formed. The prismatic crystals melt

at 235-238®C.

CiHitN,-2HCI + 2AuCli CiHuNt 2[Hd AuCUl

Y. Hiwstsri, J. Bioebem, (Japan), 7, 171 (1927) Bi

AuCli

Staebydrine ni-2014

\Mien stachydrine hydrochloride is reacted with solutions of auric

chloride, a yellow precipitate of rhombic crystals is formed. M.P.

232®.

CtHiiNOiHd + Aud, CrHiiNOr HdAuCii

Y. Hiwatari, J. Bioebem. (Japan), T, 173 (1937) 61
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AuCIt

575

putrescine
in-2016

Ha
Auric chloride dissolved in dilute hydrochloric acid acte upon N.N,N'

trimethyl putrescine under precipitation of the chloroaurate of this

(O
^

^ C,H.^.-2HAuCM

w, Kwl, Z. phyeioJ. Chem., 19€, 81 (1831)
H

Audi
n!-2016

From A very concentrated solution of gold chloride as neutral as

possible, gold is obtwned by passing an electric current of small

voltage through it.

2AuCli- 2Au + 3C1,

M. Bficquerd and E. Becquertl. Compt. rend., 56, 19 (1552) g9

AuCli
I1I-2017

t

Gold chloride in a neutral solution is decomposed by an electrical

current to precipitate gold In its pure state and to give off free chlorine,

(2AuCli + 3Cli)

M. Becquerel, Cb«n. News, 5, 125 (1852)

Audi

A

Auric chloride was heated, giving aurous chloride.

Audi^Aud + (CIt)

J. W. Mallet, Trans. Roy. Soc. (London), 180, 410 (1889)

111-2018

m
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AuCl7

H20 ni-2019

e

The electrochemical behavior of gold in acid and neutral solutions is

studied and the hydrolysis of the various complex gold anions is

investigated.

(a) AuClr + HtO AuCI/>H- + HCL

(b) AuCIf + H,0 AuClOH- + HCl

G. Gmbe, Z. Elektrochem., it, 705 (1029) 86

AuHCL
Ag,COt III-2020

A solution of aurichJoric acid is warmed and a suspension of silver

carbonate is added in smaU portions. Carbon dioxide is evolved and

a black precipitate of auric trioxide forms.

2AuHCli + 4Ag,C0» Au>0> + SAgCl + H,0 + 4CO»

P. Schottlkoder, Ana.^ M, 313 (1833) 80

AUOHSO4
H,0 I1I-2021

Auric hydroxo sulfate is dtsaolved in concentrated sulfuric acid and

then poured into water. Auric hydroxo oxide is produced.

AUOHSO4 + H,0 AuOOH + nSOt

P. ScbotUinder, Ano.^ 21L 347 (1883) tO

AuOHSOi
KHSO* in-2022

One part of potassium hydrogen sulfate is dissolved in ten parts of

auric hydroxosulfate in aqueous solution by gentle warming and the

solution evaporated to dryness on a sand bath at 200^0.

AUOHSO4 + KH8O4 KAu(S04)* + H,0

P. Scbottlwder, Ann., 817, 373 (1883) 80
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Au(OH)*NHj
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IU-2023

KOH
Tf the above auriamiDe is boiled with potass.um hydroxide, one-half

; U nitrogen is lost as ammonia and there remains a dark brown,

flocculent, fulminating product of greater explosive power than the

original compound. This new product is thought to be a biaunamine.

2Au(OH)*NH, Au,(OH),NH + NH,

J. Jacobin, Compel rend., 1214 <1908)

Au(OH)r4AgCI
111-2024

If the prectpilAle formed by the action of silver nitrate on chloraunc

acid it treated with ammonia, the silver chloride dissolves and a

flocculent precipitate of an auriamine is obtained by the followmg

reaction-

^ jsjH, Au(OH)tNH» + H,0

J. jMobwn, Compt. rend,, li8» 1214 (1908)

AuOOH
HNO.

Completely dried auric hydroxo oxide is treated with 3.6 parts of

concentrated nitric acid which must be free from nitrous acid in a

boiling water bath until a clear yellow solution is formed, The

solution is cooled in an ice salt bath and crystals of the compound

HAu(NOj)< with three H|0 separate.

AuOOH + 4HNO, HAu(NOi). + 2H,0

P, Schottl&nder, Aim., 217, 359 (1883) ^

AuSOi
III-2026

An aqueous solution of gold monosulfate is boiled and a precipitate of

the composition shown below forms,

3AuS04 + 4HtO AuiO>(OH)i + SHtSO^

P. Schott)&nd«r, Ann., 817, 337 (1883)
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Au,Oi<OH)t 2H,0
Ba(OH), II1-2027

Ca(OH)t

Sr(OH),

Aurates of alkali earths are prepared by treating the hydroxide with

auryl hydroxide.

(a) Au,0,(0H),«2H,0 + Ba(OH), + 2H,0 Ba(AuO,), 6H,0

(b) Au,Oj(OH)r2HjO + Ca(OH)t + 2H,0 Ca(AuO,)rOHjO

(c) Au,0,(0H),«2H,0 + Sr(OH), + 2H,0 Sr(Au0,)i'6H,0

F. Meyer, Compt. read., 14B. 806 (1907)

Ref., E. Hortoa, J. Chem. 6oc. (tondcm), M:8. 47 (1908) 67

AutOi

CO IID2028

Auric oxide is reduced at 0^ by carbon monoxide.

Au,Ot + 3CO 2Au + 3COj

I. W. Fay aad A. F. 8eeker, J. An. Chen. 8oc., 8B» 647 (1903) /

HI

AutOi

Hydriodic acid and auric oxide yield aurous iodide and iodine.

AuiOt + 6HI ^ 2AuI + 3H,0 + 21,

ni-2029

W. B. PoUard, J. Cbem. 8oc. (Londoa), 2, 1348 (1928) es

H,0,

AufO,

Hydrogen peroxide reduces auric oxide to metallic gold.

Au,0, + 3H,0, 2Au + 3H,0 + SO,

V. Lenher, J. Am. Cbem. Soc., 3$, 1424 (1914)

m-2030

i
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KOB

AutO*
in-2031

Auric oxide is converted into poUssium aurate when treated with

an excess of potassium hydroxide.

Au,Oi + 2KOH— 2KAuO, + (H,0)

M- E. Fremy, Ann. ehim. phy*. |31, ^1)
Ret. Rosevwe and Buehrer. J. Am. Chem. Soc., 49, 1222 (1927)

AU}0|

To an aqueous solution of bydrochloroauric acid enough NaOH

solution is added to precipitate gold hydroxide. This solution is then

Doured into a solution of sodium thiosulfate with stirring. Addition

of acid (HNOi) dissolves the gold hydroxide (a). Further addition of

acid to neutrality discharges the red color (b). Treatment of the

filtrate with alcohol precipiutes white sodium aurothiosulfate.

(a) Au,0, + 4Na,S,0, + 2H,0 - 4NaOH + 2Na,S,0, + Au,0

(b) Au»0 + 4NaiSiOi + HjO -* 2NaOH + 2Na»Au(S»0»)i

H- Browo, J. Am. Chem, Sew., 49, 989 (1927)

III-2032

AuiOi'4NHj

KCN ni-2033

Fulminating gold was heated with potassium cyanide to form

potassium aurocyanide.

(a) AuiOrdNH, + 2KCN (KtO) + 2AuCN + (0, + 4NH,)

(b) AuCN + KCN KAu(CN),

J. W- T»ng. Roy. Soc. (London), 190, 421 (1889)

AujSj

KCN UI-20d4

Gold sulfide reacts with potassium cyanide to give gold potassium

cyanide, potassium sulfide, and potassium thiocyanate.

AuiSt + fiKCN ^ 2KAu(CN), + K,S + 2KCNS

U. Anto&y and A. Lucchea, Gass. cbim. ital., 21*, 210 (1891)
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AujO*(OH)i
HCl I1I-203B

A

Gold moDOOxyhydrate is decomposed by heating with concentrated

hydrochloric acid to form metallic gold and gold trioxide.

AujOt(OH)t + A ^ Au + AuiOi + HtO

P. Sehottl&nder, Ann., 817, $40 (1883) SO

(CH|CH,CH,)»AuCN
A 01-2036

A linear, polymeric structure is now suggested for dipropyldi-

cyanodigold, obtained by heating dipropylmonocyanomonogold

above 80*.

3(CH|CH,CH,),AuCN
(CH,CH,CH,),Au,(CN)» + AuCN + 2CH,(CH0iCH,

C. S. Gibwn et. ah, J. Chem. Soc. (Londoo), 1084 (1035)

Raf., C. S. CibaoD, Proc. Roy. 8oc. (London), 17$A, 160 (1039) 110

(CH,),NHAuCU
4 m-2037

Trimethylamine chloroaurate, when heated, will form metallic

gold.

(a) {CHi),NHAuCl4 (AuCli + HCIH- {CH,)iN)

(b) 2AuCU-»2Au + (3C1,)

J. W. Mallet, Trans. Roy. Soc. (London), ISO, 414 (1869) lOS

CiAndi
NajSsO) m-2038

To a solution of sodium thiosulfate, cesium auric chloride (from gold

dissolved in aqua regia and precipitated by cesium nitrate) is added

in small quantities with stirring. Addition of 95% alcohol precipi-

tates white crystalline sodium aurothiosulfate.

CsAuCU + 4Na,S,0a ^ NatAu(S»O0t + NajS^O. + 3NaCl + CsCl

K. L. McCluakey and L. Eichelberger, J. Am. Qiem. Soc., 46, 136 (1928) 1$
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HAuBr4

581

HCflO*

IU-2038

Formic acid was used to reduce hydrobromoauricacid to metallic gold.

3HCH0| + 2HAuBr4 2Au + (8HBr + 3COi)

j. W. Millet, Trans. Roy. Soc. (London). IW. 406 (1889)

HAuBr4

EtCiOi
in-2040

Oxalic acid was used to reduce hydrobromoaurio acid to metallic gold.

3HsCs04 + 2HAuBr4 ^ 2Au + (8HBr + 6CO*)

j. W. Mallet, Trana. Roy Soc. (I^ndon), 180, 406 (1889) m

HAua^

AgNO
I1I-2041

Auric chloride solution with excess silver nitrate yields a dark yellow-

red precipitate, which is shown to be a mixture of gold oxide and silver

chloride.

2HAua + SAgNO, + 3H,0 -» Au.0. + SAgCI + 8HN0,

E. Wohlwill. Z. Elcktrochein, 4, 882 (1898)
86

HAua4

AgNO,

A series of reactions take place when chlorauric acid, dissolved in icc

water, is treated with a cold solution of silver nitrate.

111-2042

(a) HAuCU + AgNO, -^AgAuCU + HNO,

(b) HAUCI4 + 4AgNO, -4 4Aga + Au(NO,)i + HNO,

(c) HAua4 + AgNO,^ AuG, + ^Cl + HNO,

Lengfeld, Am. C^m. J.. 28, 330 (1901)
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HAua#
AgiCOi IIM043

A mixture of auric oxide and silver chloride is formed when chlorauric

acid is treated with silver carbonate.

2HAuCl4 + 4AgiC0i RAgCI + AutO^ + H,0 + 4C0,

P. SchotU&fider, Ann., 217, 312 (1883)

Ref., Leogfeld. Am. Cben. J., 24, 330 (1901) /

HAuCl^
C«HeOt 111-2044

Auric salts when treated with bydroquinoDe in a solution buffered

with potassium bifiuoride give a precipitate of the metal.

2HAuCl4 + 3CeH^Oi 2Au + (3C 4H40, + 8Ha)

W. B. PolUrd, Aaslyet, 62, 597 (1937) 40

HAuCU
KOH 111-2046

Auric oxide precipitates when chlorauric acid is treated with potas-

sium hydroxide.

2HAuCl4 + 3K0H-> Au,0> + (SKCl + 6HC1)

M. E. Fretny. Ann. cbim. pbys. [3f, 31, 481 (1851)

Ref., RoMveare and Buehrer, J. Am. Chem. Soc., 49, 1221 (1927) /

HAuC]«

2-Aniinoheptane in-2046

2-Aininoheptane combines with chlorauric acid yielding a chloraurate

melting at 77 to 78.5®C.

C*Hii(CHi)CHNHj + HAua4^C*HuCHNHt CHi HAuCli

Dunker, Hartung and Chapman, J. Am. Pbann. Assn., 30, 623 (1941) Ut
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HAuCU 3H,0

5S3

111-2047

-1 f^Aded to a solution of chlorauric acid, a light

below.

HAuCU-3H,0 + 4AbNO.- Au(OH).-4i^ + 4HNO,

J. JftCObMD, Cottipt. «Dd., 148, 1213 (1908)
5^

HAu(NO04

Drv auric hydrogen nitrate is heated with five parts of 80% sulfuric

Sat 100«C until all nitric acid iadecomposed; then the heat is slowly

raised to 200®C. Upon cooling, hydroxyauric sulfate separates from

the solution.

HAu(NO,). + H.80. ^ AuOHSO. + 4NO, + H.O + 0,

P, SchottJSnder, Ann., 817, 368 {1883)

111-2048

£0

Hi

KAuBri
111-2049

*
Gold can be reduced from potassium auri-bromide, by heating the

dry salt in a stream of hydrogen.

(2KAuBr4 + 3H, -• 2KBr + 6HBr + 2Au)

O. KrttBS. Ann.. 838, 30 (1886)

lUf., J. W. Mallet, Am. Chem. J-. 12, 77 (1890)

HsSOj

KAuBr4
1II-2060

Potassium auribromide in solution can be reduced to metallic gold by

sulfurous acid.

(2KAuBr4 + H^Oi 2HBr + K,SO, 3Brt + 2Au)

G. Krusa, Ajm., J., 833, 30 (1886)

Ref., J. W. MaUet, Am. Chem. J., 12, 77 (1890)
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KAiiBr4

HaSOi m-2061

EOH
Pot&ssium auricbromide is dissolved in water and treated with
sul/urous acid. The compound is reduced to potassium aurobromidc.

Treatment of the potassium aurobromide with dilute potassium

hydroxide forms aurous oxide.

(a) ICAuBr* + + H,0 KAuBr, f 2HBr + HjSO*

(b) 2KAuBr, + 2KOH Au,0 + 4KBr

G. Kru6», Add., 837, 275 (1887) to

KAuBn
A 1II-2052

Potassium auribromide, when heated with a bunsen flame, will break

down leaving metaUic gold.

(2KAuBr4 2Au + 2KBr + SBn)

Thorpe and I^une, J. Chem. 8oc. (London), Dec. 1387, p. 866

Ref., J. W. Mallet, Ad. Chem. J., 18, 79 (1890), 17

KAu(CN),
HsO 10-2063

t

MetaUic gold can be obtained by subjecting potassium aurocyanide

to electrolysis.

(4KAu(CN), + 2H,0 -*4KCN + 4HCN -h 4Au + 0«)

J. W. Mallet. Am. C3ieiii. J., IS, 195 (1890) 17
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KAu<CN)i

585

UI>20S4

Zn

lus^tte zincTo pr^ipifte meUllio lead according to the formula,

which speeds up the action.

2KAu(CN). + 4KCN + ^ ^

C. 8p.«m«., Can- Ch.ro. * M.I-. «, 56 (1925)
f5

KAuQi
in-2086

AgiCOa

Silver chloride b formed when s solution of anhydrous potassium

chloraurate in absolute alcohol is shaken with silver carbonate.

2KAua4 + AgiCO, K,CO, + 2AgCl + 2AuCli

F. Ungfeld, Am, Chwn. J., W, 331 <1901)

H,S04

KAuOt
m-2066

Auric oxide is precipitated when potassium aurate is treated with

sulfuric acid.

2KAuO, + H^Oi ^ AujOj + (KjSOi + H,0)

M. E. Fremy, Azld. cbim. phys. (3), 9l» 481 (1851)

Ref., Roeeveare and Buehier, J. Am. <lJbem. 8oe., 49. IS222 (1927) /
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NaAuCI,
NajS^Oj III-2067

A few cc. of NaCl solution were added to 2 cc. of a gold chloride

solution (0.0382 g. of gold per cc.) and sulfurous acid run in from a

buret until a colorless solution was obtained. This solution contains

sodium aurous chloride. The colorless solution was added to a

sodium thiosulfate solution in which barium carbonate was sus-

pended. After filtration, sodium aurotbiosulfate is precipitated by

95% alcohol

NaAuCI, + 2Na,S,0, Na,Au(S,0,), + 2NaCl

E. L. McCluskey and L. Eichelberger, J. Am. Chem. Soc., 46, 136 (1926)

Na»Au(S,0,),

CsH, 111*2068

A yellow fiocculent precipitate of aurous carbide forms when a slow

stream of acetylene gas is passed through a strongly amrooniacal

solution of aurous sodium thiosulfate.

2Na,Au(S,0,), + C,H, Au,C, + (3Na,S,0, + H,S,0,)

/J. A. Mathews and L. L. WatUis, J. Am. Chem. Soc., 89, 109 (1900)



hafnium

HfCU
III<206d

Sodiu®
nrecared by reaction of a salt of a fatty acid

Hafnium soaps may be preptucu y

with a hafnium salt.

Optimum temp, ia 40-70®C.

Oleic salt reaction is shown as an example.

Anu rPH ^,HC CH{CHi)fCOONa + HfCli
4CHs(CH,)7H

. + 4NaCl

Brit. P»t. 396, 406. July. 17 1^
Ret, OU and Soap, Hi 4, 77 (lw4)

mu
III-2060

Pure hafnium can be obUined by beating the tetraiodide in a pyrex

bulb at 600®C, the bulb containing a tungsten filament at 2000®C in

conUct with which the hafnium tetraiodide dissociates depositing the

metal.
Hri< -» Hf + 21,

Can. Chem. A Met., 19, 160 (IWI)

NaaHPOi

HfOCI,
111-2001

ECl

Hafnium pyrophosphate precipitates when hydrochloric acid solutions

of hafnium oxychloride and disodiuxn phosphate react.

HfOa, + 2Na,HP04 + 2HCI HfP,Or2H,0 +(4NaCl)

0. Heveey and K. Kimura, J. Am. Chem. 8oc., 47» 2541 (1925) 1

587
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^ 111-2062

When holmium oxalate is heated, holmium oxide is left.

Ho,(Ci04)i + a + (3COi + SCO)

0. Rolmber;, Ark, Kern., Mio., Geol., 4
,
Pt. 2, 3 (1910) to

688



pBr

hydrogen

C,D,
in-2D63

Deutero ethylene can be prepared from deutero acetylene by the

following reactions:

, . C.D, + 2DBr^ C,D4Br,

.
. CjD4Br. + Zn -» C.Di + ZnBrj

H. g. Taylor, J. Chim. phy«-. *« ('9OT)

D
ni-2064

CB*

Deuterium atoms react with methane at about 500»C according

to the equation:
+ H

E. W. R. Steacie, Can. J. R«., BW. 2S4 (1937) 69

D

CH.
111-2066

The exchange reaction of deuterium atoms with methane has an

activation energy of 11 Cals.

D-|-CH4-^CH,DH- H

K. H. Oeib and B, W. R. Steacia, Trana. Rcy. 8oc. (Canada), ( III] 29, 91 » (1936) 69

D
CH^

KH,

111-2066

The mercury pbotosensitised exchange reactions of deuterium with

methane, water and ammonia, and the decomposition of water and

ammonia, have been investigated at temperatures of 30-600^ and

total pressures of 100 mm. With methane and ammonia, the

exchange above 300^ proceeds by the mechanism.

(a) D H- CH,H CH,D + H
(b) D + NHtH ^ NH,D + H
(c) H + D,-»HD + D
A. FnrkftS and H. W. Melville, Proc. Roy. 8o«. (London), 167A, 626 (1936)

H. W. MeIvtUe, ibid., 167A., 621 (1936) no

689
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D
CiHi III-2067

The exchange reaction of deuterium atoms with acetylene takes place
through formation of a quaaimolecute, C*HjD. The energy of

activation is less than 5 Cals.

C,H, + D C,HD + H
K, H. Geih and E. W, R. Stea<!ie, Trans. Roy. 8oe. (Canada) [III], 29, 91 (193S)

3 iii-2oes

The exchange reaction of deuterium atoms with ammonia has an
activation energy of 11 Cals.

D + NH,^NH,D + H
K. R. Geib and E. W. R. SUaeie, Trans. Roy. 8oc.. (Canada) [III] 29, 91 (1935) $0

D,
AgCl m-2069

Deuterium is passed over silver chloride at to give deuterium
chloride. The deuterium chloride is frozen out and the deuterium is

recycled.

D, + 2AgC1^2DCI + 2Ag

H. Steiner and £. K. Rideal, Proc. Roy. Soc. (London), 173A, 504 (1939) 110

D,
CH4 m-2070

Deuterium will react with methane at lOOO^C to exchange a deuterium

atom for a hydrogen atom.

(a) D,^ 2D
(b) D + CH4-*CH,D + H
Parkas, J. Chem. Soc. (London), 26-^ (1936)

Ref., Steacie, Can. J. Res., 15B, 205 (1937) $4
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m-2071

Tetradeuteromethane can be prepared by a catalytic process in the

gas phase. Deuterium and carbon dioxide react in the presence of a

supported nickel catalj^t at a temperature of 350®C.

CO, + 4D| CD* + 2D,0

George B. MacWood and Harold C. Urey, J. Chetn. Pby., 4 , 402 (im) 44

C,Hi in-2072

The reaction between ethane and deuterium proceeds after (a)

between 90^ and L40^ and according to (b) at 200^:

(a) C|H| + CjHiD + HD
(b) C,H, + Dt-^2CH,D

H. S. Taylor, J. Cbim. pbyt., S4, 629 (1937) 69

Di
Cl lU-2073

Light

The photochemical reaction of deuterium and chlorine (a) at ordinary

temperatures proceeds more slowly than the corresponding reaction

involving hydrogen (b).

(a) C1 + D,-^DC1 + D
(b) C1 + H,^HC1 + H
H. 8. Taylor, J. Franklin lost.. 213, 22 (1934) tS

D,
HBr I1I-2074

Deuterium and hydrogen bromide form an equilibrium mixture con-

taining deuterium bromide. Para hydrogen and hydrogen bromide
give another equilibrium mixture.

D, + 2HBr H, + 2DBr

H. Steiner, Proc. Roy. 8oc. (London), 178A, 531 (1939) JiO
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HCI m-2076
Deuterium and hydr<^en chloride form an equilibrium mixture con-
taining deuterium chloride. Equilibrium is also established between
hydrogen and deuterium chloride. Para hydrogen and hydrogen
chloride give another equilibrium mixture.

D* + 3HCI H, + 2DC1

H. Steiner and E. K. Rideal. Proc. Roy. Soc. (London 17dA» 504 (1939) //O

D,
NH, m-207S

The exchange between the hydrogen of ammonia and deuterium pro-

ceeds at ordinary temperature with an iron catalyst:

NH, + D,-*NH,D + HD
H. S. Taylor, J. Chim. phya., 34, 529 (1937) $$

D,0
CH,MgI m-2077

A solution of deuterium oxide in dioxane is added to methyl magne-
sium iodide to produce monodeuteromethane.

D,0 + CHjMgl -4 CHaD + Mg(OD)I

W. H. J. Childs and H. A. Jahn, Proc. Roy. Soc. (London), 1S9A, 423 (1939) 110

D,0
CHjNOs m-2078

An exchange reaction involving approximately equal weights of

D^O and CHaNOs can be used in the preparation of trideutero-

nitromethane.

3DjO + 2CHtNOi^ 2CDtNO» + SHjO

Thomas P. tS’ilson, J. Chcm. Phy,, 11, 361 (1943) M
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D|0

(COOH),

Anhydrous oxalic acid ia evaporated twice in vacuo with deuterium

oxide to give cr3'8tals of (COOD)j*2DjO, m. 95.5-97.5® compared

to 99.8^100.7® for the corresponding hydrogen compound.

(COOH), + 3D,0^ (GOOD), -20,0 + H,0

J, M. RcbertdOQ and A. R. Ubbetobde* Proc. Hoy. Soc. (London )»
179A» 224

(1939)

DtO
CjHjCOCl ni-2080

Deuterium chloride may be prepared conveniently by the action of

benzoyl chloride on deuterium oxide at elevated temperatures.

(a) D,0 + CiHjCOCI - CiH^COOD + DCl

(b) CiHiCOCl + C^HiCOOD (C|H|C0),0 + DCl

H. C. Brown and 0. Groot, J. Am. Oitm. 8oe., H, 2223 (1942) 16

D,0
H III-2081

The activation energy of the exchange reaction of hydrogen atoms

with heavy water (a) is the same aa that of deuterium atoms with

water (b).

(a) H + D,0-^HD0 + D
(b) D + H,0 HDO + H
K. H. Geib, and E. W. R. Stearie, Tnma. Roy. Soc. (Canada), IIIII, 29, 91

(1935) e9

r>^o

HjOj ni-2082

The following exchange reactions take place readily when heavy
water is mixed with hydrogen peroxide:

(ft) HjO, + D,0 ^ H,0 + D,0,

(b) H,Oi + DA-^2HDO,
(c) H,0 + D,0-^2HD0
H. Erlenmcyer and H. Gartner, Helv. Chim., 17, 190 (1934)
Ref., P. A. Gigu^e and 0. Maaas, Can. J. Rea., B18, 34 (1940) $9
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D,0
KHFt

KKtVO,

NaH$04

SrC]}

111-2083

Repeated recrystallization of potassium hydrogen fluoride, potassium
di-bydrogen phosphate, or sodium hydrogen sulfate from deuterium
oxide yields the corresponding deutero compounds. Strontium chlo-

ride unites directly to form a hexadeuterate.

2KHF, -I- D,0 -

KH,P04 + D,0-
2NaHS04 + D,0 -

SrCli + 6D}0

2KDF, -h H*0
KD,P04 + HiO
2NaDS04 + H,0
•* SrCU*6D}0

A. R. Ubbelobde, Proe. Roy. Soc. (London), 178A, 418 (1939)

D,0
111-2084

In the investigation of the heat of formation of deuterium oxide an

obvious method, analagous to that of HiO (a), was the reaction of deu-

terium oxide with a metal to form the metallic oxide and deuterium,

(b).

(a) H,0 + Mg H, H- MgO
(b) D,0 -t- Mg D, -h MgO
J. W. Knowlton and F. D. RoBsini, B. 8. Res. 19, 607, 608, (1937)

D,0
SOCU in-2085

Deuterium oxide reacts with thionyl chloride to 3deld sulfur dioxide

and deuterium chloride.

D,0 -I- SOCU^ SO, + 2DC1

H. C. Brown and 0. Groot, J. Am. Chem. Soe., 64, 223 (1942)
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III-2086

Deuterium oxide is passed through a discharge tube operated at 0.5

amperes and 1000 volts to obtain spectroscopic quantities of OD.

DtO^D + OD

M. I«haq, Proc. Roy. Soo. (London), 18M, 110 (1937) HO

(Au) III-2087

The catalytic decomposition of deuterium peroxide on metallic gold

is much slower than that of hydrogen peroxide:

2D,0, 2D,0 + 0,

P. A. Gigu^ sod 0. Mtaa, Cao. J. Rea., B18, 84 (1940) 69

DtO,

HI III-2088

The reaction of deuterium oxide with hydrogen iodide proceeds 0.60

times as fast as the corresponding reaction in hydrogen peroxide.

(a) D,0* + HI D,0 + HIO
(b) H,0, + +
Tsuig'lien Chaog, Scie&ce, 100, 29 (1944)

D,0,
Decomp. ni-208d

The decomposition of alkaline deuterium peroxide on the surface of
glass is a first order reaction. The rate of the reaction is much smaller
than that for hydrogen peroxide:

2DjO,^ 2D,0 + 0,

P. A. Gigu4re and 0. Maasa, Can. J. Has., BI8, 84 (1940) $9
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HD
H,0 111-2090

The exchange of deuterium gas with water is discussed.

HD + HjO — H, + HDO
J. A. V. But!er, Z. Elektrocbem., 44. S8 (1938) se

D,0
H«0 1I1-2091

The heat of reaction between light and heavy water is discussed.

H,0 +‘ 2HDO

E. taoae, Z. Elektrochem.. 44. 42 (1938)

HOD
CHiCOCH) IIN2092

The equilibrium constant of the exchange reaction between heavy

water and acetone is about 2, i.e., the heavy hydrogen is preferentially

present in the acetone.

CHiCOCH, + HOD CH,COCH,D + H,0

A. Farkas and L. Farkas. J. Cham. Pfay., 8. 468 (1934) U

AsHi

I, in-2093

NaOE
An iodometric acidimetric method for the determination of arsenic

is based on the following reactions.

(a) AsH* + 41* + 4HiO H>A804 + SHI

(b) HjAsOi + SHI + lONaOH NaiHAsOi + SNal + lOHtO

R. C. Wiley, J. P. Bewley and R. Irey. Anal. Ed.. 4, 396 (1932)
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CH,H.PO.
in-2094

^**^°Vhen an aqueous solution of monomethylphospbinic acid is boiled

with barium carbonate the acid salt is formed.

2CH>HsPO, + BaCO, -* (CH,).H,BaP,0. + COj + H,0

A, W. Hofmann, Ber., 6, 108 (1872)

CH,H,PO,
in-

HH4OH
AgNOj

The normal silver salt of monomethylphospbinio acid is formed when

the acid is almost neutraUsed with ammonium hydroxide and then

treated with silver nitrate.

(a) CHjHjPOi + 2NH4OH CHi(NH4)iPO» + 2HjO

(b) CHi(NH4)iPOi + 2AgNOi CH>Ag + 2NH4NOJ

A. W. Hotown, Ber., 5» 107 (1872)

m-2096

CH,H,POi

PbO
I1I-209S

An aqueous solution of roonomethyl-phosphinic acid when heated

with lead oxide forms both the normal and acid lead salt.

(a) CH,H + PbO CHJ>bPOi + H,0

(b) 2CH,H,POi + PbO- (CH,)iPbH,P,Oi + H|0

A. W. Hofmann, Ber., 6, 107 (1872)

(CH,),HPO,

AgsO m-2097

The silver salt of dimethylphospbinic acid is formed when a solution

of dimethyl phosphinic acid is neutralised with silver oxide.

2(CHt),HPOj + Ag,0^ 2(CH,)tAgPOj + H,0

A. W. Hofmann, Ber., 6, 109 (1872) 21
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(CH,),HPO,
BaCO, III-2098

When dimethylphosphinic acid is heated with an excess of barium
carbonate, the barium salt of the acid is formed.

2(CH,),HPO, + BaC0,^H,0 + CO, + (CH,)4 BaPjO,

A. W. Hofmsna, Ber, 6, 109 (1872) U

{CH,),HPO,
PbO 111-2099

Lead oxide reacts with dimethylphosphinic acid to form the lead

salt.

2(CH,),HPO, + PbO (CH4)<PbP|04 + H,0

A. W. HormanD, Ber., 6, 109 (1873) U

CH4
CO, 111.2100

CH4

The equilibria of the Armatroog-Hilditch reaction are investigated

between 500 and 800^0.

CH 4 + SCO, J± 4CO + 2H,0

J. Schmidt and B. Neumann, Z. Elecktrochem., 88, 928 (19S2) 8$

Ag,0 in-2101

Silver oxide reacts with ethyl phosphinic acid to form the normal

silver salt.

C,H,H,PO, + Ag,0 —^ C,H,AgJO, + H,0

A, W. Hofmann, Ber., 8, 110 (1872) II
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C,HjOH

o90

III-2102

LiiiolcQic tcid . ,

An unusual system of hydrogenation is that of

1 -,hr,1s 150 oarte of sunflower oil with 19 parte ethyl alcohol, 0.4 to

jTsSabU caCt were autoclaved at 240-360»C; and 2^1 atm.,

fo^ 15 min. The linolenic content was r^uced and the oleic was

increased. Best results were bad with Cu-Ni catalyst.

Reaction shown as of free acids.

+ .OH.CHO

M. F, Belyakov end O. A. Ivenova. Meeloboiuo Zhirovoe Delo, 12, 537-539,

‘E’lteviewof Sci. Lit. OQ F.Uend Oil.. 1937, in OU end Soep, 15. 4, 95 (1938)
^ ^ ^

W

(C,H,),HPO,

Ag,0
III-2103

A solution of diethylphosphinic acid when boiled with silver oxide

forms the silver salt of the acid.

2{CiHOiHPOj + Ag,0 2(C,Hi),AgPO, + H|0

A. W. Hofmann, Ber., 111 (IS72)

C,8,N,H,
ni-2104

Perthio cyanic acid (HCNS)jS reacts with nascent hydrogen iodide

to form thiourea, hydrogen iodide, and carbon disulfide.

(HCNS),S + 2(H) + HI CS(NH,)» + HI + CSi

L. Gluts, Ber., J, 343 (1870) ^
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C&H,
SiCL II1-2106

Silicon tetrachloride vapors passed over powdered calcium hydride

at a temperature below red heat form hydrogen, hydrochloric acid and
a small quantity of siUcocbloroform, along with calcium chloride and
calcium silicide or amorphous silicon, depending on the reaction

temperature. At low temperatures with excess calcium hydride,

calcium silicide is formed (a); at high temperatures with excess silicon

tetrachloride, amorphous silicon (b).

(a) ZSiCU + 5CaH,^ SiHCl, + 4Ht + Ha + CaSii + 4CaCW
(b) 2SiCli + 2CaH, SiHCU + Hi +'Ha + 2CaCli + Si

A. Beasoo and L. Feunuar, Compt. rend., 146, 556-'557 (1909) 98

H
HNO, in-2106

Nascent hydrogen produced either eleetrolytically or by adsorption

on platinum reduces nitric acid, liberating heat.

(a) HNO, + 2H HNO, + (H,0)

(b) HNO, + H ^ NO, + (HiO)

(c) HNO, + 8H NH, + (3H,0)

J. H. GladstoDc aod A. J. Tribe, J. Cbem. See. (Linden), 36, 172 (1679) 9t

H2SO4

H
m-2107

Hydrogen adsorbed on platinum or palladium reduces sulfuric acid

forming sulfur dioxide. The reaction is more energetic in the case

of palladium.

H,S04 + 2H-*2H,0 + 80,

J. H- Gladstone and A. J. Tribe, J- Chem. Soc. (London), 86, 172 (1879)
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ni-2108
N,

One part hydrogen and 78 parts «r charged with water vapor passed

Jer reducil ir^n wire at a rate of 100 1. air per 4i h«. form a

the optimum temp, of 300-350», 204 mg. ammonia.

were obtained with dry peat, 441.2 g. peat yielding 11 8- ammonia,

2.75 g. of which represent s)mthetic ammonia.

3Hi + Nt-^2NH,
(air)

WolUreck, Compt. wnd., 145, 124-6 (1908)
$8

Bac

(H)
m-2109

o,

Pneumococcal and streptococcal cultures, and a few other coccal

forma, which have abundant access to oxygen, form hydrogen

peroxide.

2(H) + Cl ^ HA
J, W. McLeod aod J. (3ordoo, Biochem. J., 18, 499 (1922)

H
ni-2110

Cystine

When an acid solution of cystine is treated with a small amount of

powdered sine, the cystine is reduced to cysteine.

CiHiANiSt + 2H ^ 2C,H«0,NSH

L. Okabi, J. Bioebem. (Japan), S, 411 (1928)

H+
H,0 in-2111

Hydrogen ion is strongly solvated, i.e. it combines with water mole-

cules. This fact explains the decrease of the catalytic effect of the

hydrogen ion in alcoholic solutions as soon as water is added.

H-^+ H,0-»(HA+

Samuel H. C. Briggs, J. Chem. Soc. (Loodoii), 116:2, 291 (1919) 48
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OH- m-2112

The heat of the reaction of hydrogen ions with hydroxyl ions was
calculated at room temperature.

H+ + OH“ H,0

E. Brinkman, R, Margaria, and T. J. W, Rougbton, Trans. Roy. Soc. (London),
382A, 65(1934) tOS

HCl
Ag I1I-2113

Hydrochloric acid was standardized volumetrically by metallic silver

by the method of Stas.

(2HCI + 2Ag 2AgCl + H|)

V. H. Veley and J. J. Manley. Trana. Roy Soe. (Londoo), 191, 372 (1898) 106

HCl
CCljCHO lU-211i

When hydrogen chloride gas reacts with chloral a crystalline addition

product, trichloroethylidene-chlorobydrine is formed.

CClrCHO + Ha-^ ca, CH(OH)Cl

E. Mulder, Kee. trav. Chim., T, 332 (1868) 69

HCl
CHiCHOHCHjCOOHa m-2116

When the sodium salt of ^hydroxybutyric acid is treated with

h3rdrochlonc acid, ^•hydro^^-butyric acid is formed.

CH,CHOHCH,COONa + HQ CHiCHOHCHaCOOH + (NaCl)

WiaUceouB, Aim., U9. 205 (1869)

Ref., P. Latham. Bioebem. J., 8, 216 (1908) 63
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CH.SCH,CH*CH(NH,)CN
UI-2116

When a-amino-y-methylthiol-butyronitrile is boil^ con-

^ntrated hydrochloric acid, a-amino-y-methylthiol-butync acid is

formed.

CH,SCH,CH,CH(NH.,™ + HO + + (NH.O.)

Btrger and Coyne, Biochem. M. 1421 (1928)

EClO)

Dry HCI gas attacks potassium chlorate as follows t

2KC10, + 4HCI^ 2C10, + 2H,0 + (2KCI) + (Cl,)

J. W. Thome*, J. Chem. 8oc. (london), 88, 372 (1878)

UI-2117

KMaO^

Potassium permanganate reacts violently with dry HCI gas evolving

heat.

(a) 2KMnO< + 8HC1 2KC1 + 2MnO, + 4H^ + 3C1,

(b) MnOi + 4HCI —> MnCU + Cl, + 2H|0

J. W. Thom**, J. Chem. Soc- (London), 83, 372 (1878)

111-2118

HCI

KNO, ni-2119

Dry hydrogen chloride gas attacks a number of metallic nitrates

according to the following of reaction.

Nitrates of Na, Bi, Cd, Co, Cu, Pb, Li, Mg, Mn, Hg, Ni, Ag, U, and

Zn are similarly attacked- Heat is evolved in all cases and NOCl is

sometimes formed, if a large excess of HCI is used.

2KNO, + 8Ha^ 2Ka + 2NO + 4H,0 + SCI,

J. W. Thomas, J. Cham. Soc. (London), 88, 369-371 (1878) $1
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HCl
(KSb0C4H40,)8 HjO ni-2120

Potftssium antimonyl tartrate is attacked by dry hydrogen chloride.

(KSbOCiH40«)rH,0 + 6HCI ^2SbCl, + 2KHC4H404 + 3HjO

ThomM, J. Cbem. Soc. (LoDdon). 33, 372 <1878) 91

UCl
KtCrO^ 111-2121

Dry hydrogen chloride gas attacks potassium chromate evolving

heat as follows:

(a) 2K,CrOi + 2HCI KtCr,0j + 2KCi + H,0

(b) K,Cr,0, + 2HCI 2KC1 + HjCrO^ + (CrO,)

(c) 2H,Cr04 + 12Ha 2CrCli + 8H,0 + SCI,

J. W. ThomM. J. Cbem. 8m. (London), 83, 371 (1878) 9t

HCl
KtCiHtO? RsO II1-2122

Potassium citrate is attacked by dry HCl aa follows:

(a) KAHjOj HjO + HCl ^ KCl + K,HC.HiOr + H,0

(b) KaHCiHiOr + HQ -• KCl + KHAHA
J. W. Thomas, J. Chem. Soc. (Londoo), 83, 371 (1878) 91

HCl
K*Fe(CN )4 m-2123

Potassium ferrocyanide is attacked by dry HCl gas, heat being

evolved.

K*Fe(CN)* + 4Ha^ H4Fe(CN), + 4KC1

J. W. Thomas. J. Chem. Soc. (Londoo), 93, 372 (1878) 91
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111-2124

NH.
Drv hydrogen chloride in bentene reacts with ammonia (dried by lirae

Sid K phiphorus pentoxide) to form an immediate

white ammonium chloride. loniaation is

vapors likewise catalyse the union of hydrogen chloride and ammonia.

HCl + NHj NH^Cl

h. KaUenberg, J. Pbys. Chem., S, 1 (1»2)

HCl
1II-2125

(NH,)2MoO* w 1- u *
•

Ammonium molybdate is atUcked by dry HCl gas. Much heat is

evolved. A small amount of chlorine and MoO* are formed.

(a) (NH4)jMo04 + 2HCI MoOi + 2NH4CI + HjO

MoOj + 2HC1 MoOi + Clf + H*0

J. W, Tbomaa, J. Chem. 8oc- (LondoD), SS, 372 (157$) $I

HCl

NaHSOd

Sodium hydrogen sulfate is decomposed by dry HCl gas.

NaHSO* + HCl NaCl + H,0 + SO, + (0)

J. W. Thomaa, J. Chem. 80c. (London), 88, 372 (1878)

111-2126

91

NaOCl

HCl
ui-2m

Dry sodium hypochlorite is violently attacked by dry HCl, heat being

evolved.

(a) NaOCl + HCl HOCl + NaCl

(b) HOCl + HCl Cl, + H,0

J. W. TboTPftB, J. Chem. Soc. (li>DdoD), 33, 372 (1878) 91
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HQ
NajCO, 111-2128

Hydrochloric acid waa standardised volumetrically by sodium
carbonate.

2HC1 + Na,CO,^ (2NaCI + H^ + CO,)

V. H. Veley and J. J. Maikley, Trao*. Roy. Soc. (London), 191, 372 <1898) IOS

HCI

I1I-2129

Dry HCI gas is absorbed by the dry sulfates of ammonium, sodium,
and potassium.

Na,SO* + HCI -• NaCl + NaHSO,

J. W. Thomas, J. Chem. 8oc (London), 3$, 372 (1878) $l

HCI
Na:S,0, m-2130

Sodium thiosulfate is easily decomposed by dry HCI gas.

Na^,0, + 2HC1 S + so, + H,0 + 2NsCl

J. W. Thomas, J. Chem. Soc. (London), 83, $72 (1878) 91

HCI
0, ni-2131

The Deacon equilibrium has been calculated from spectroscopic

data on chlorine.

4HC1 + 0, 2CU + 2H,0

A. R. Gordon and C. Bainea, Trans. Roy. Soc. (C^anada) fill], 26, 171 (1932) 69

Ha
Pb*(C,H,07), m-2132

Lead citrate is violently attacked by dry Ha. The organic portion

of the molecule is attacked, empyreumatic vapors and charring being

observed. Heat is liberated.

Pb,(C + 6Ha^ 3Pba, + H,0 + ?

J. W. Thomae, J. Chem. Soc. (London), 88, 371 (1878) 91
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Ul-2133

Hydrochloric acid attacks the tin in the reagent and forms a mixture

of phosphines and hydrogen.

SDiP* + HCl PH* + P*H| + Hi + ?

P. Joliboii, Compt. rend., 148, 637 (1909)

HCl
111-2134

Hydrochloric acid solution was dectrolysed to produce hydrogen and

chlorine. The purpose waa to study the combination of hydrogen and

chlorine under the action of light.

2Ha±5H, + Clt

P. V. Bev4a, Tram. Roy. 8oe. (London), 809, 78 (1904) ^06

HCl
UI-2135

Hydrochloric acid was electrolysed to make hydrogen and chlorine.

2HC1 H, + a*

H. B, Diaon, Trans. Roy. Soc. (London), 184, 168 (1893) /Od

HCIO,
m-2136

Bromine when shaken with an aqueous solution of perchloric acid,

forms perbromic acid.

2Ha04 + Br, 2HBr04 + Cl,

M. M. P. Muir,

Ref., B. OerfU, Ber., 7, 259 (1874) il
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HCN
CO

NHj
UI-2137

The catalytic formation of hydrogen cyanide is more complex than
given by the equation:

CO + NH,^HCN +
G, Bredig, E. ElOd, and G. KortOin, Z. Elaktroebem., 1007 (ld30) 86

HCN
in-2138

The catalytic oxidation of hydrogen cyanide with CuO, NiO, FejO,,
BisO) and Pt is studied.

4HCN + 70, 2H,0 + 4NO + 4CO,

B. Kauroann aod 0. Maoke, Z. Elektrocben., $6, 763 (1920) 86

HI
CClrCHO in-2139

When hydriodic acid reacts with chloral, a liquid product, trichloro
ethylideneiodohydrine, ia formed.

CCl, CHO + HI-»Ca, CH(OH)I

M. E. Mulder, Rac. trav. Cbim., T, 332 (1888) S9

HI
CCl,-CHO in-2140

Chloral reacts with gaseous hydrogen iodide forming iodal and
hydrogen chloride.

Ca, CHO + 3HI ^ Cl, CHO + 3HC1

M. E. Mulder, Rec. trav. Chim., 7, 310 (1888)

Ref., M. Bertrand, Jahresber., 588 (1881) 8$
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HI

609

IIU2H1

Cyanogen gas when passed into boUing concentrated hydriodic acid

forms amino acetic acid, ammonium iodide and iodine.

(CN)j + SHI + 2H*0 CHjNHiCOOH + NHJ + 21:

A. EmmerlUig, Ber. $, 1352 (1873)

HNO
HI

111-2142

The oxidation of hydriodic acid by nitrous acid gives nitric oxide:

2HI + 2HNO, I* + 2H,0 + 2NO

A- CTambron and O. 8. Whitby, Cao. J. Re*., 2, 144 (1930) 6$

HI

H:0: 111-2143

In studying rates of reaction, hydrogen peroxide was allowed to react

with hydriodic acid, forming iodine.

HA + 2HI ^ I, H- 2H,0

A. Vernon Harcourt and William Esaon, Trana. Roy. Soe. (London), 188, 817

(1896) lOS

HI
I: ni-2144

Various complexes are formed when hydrogen iodide and Iodine are

dissolved in certain solvents, (water, sulfur dioxide and organic

solvents)

:

(a) Hl-h I, HI:

(b) HI, -h I:^ HIi

A. Berthoud and M. Moaset, J. Chim, pbya., 88, 272 (1936) 60
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HI
0* III-2146

Light

When carried out in the dark, the oxidation of hydrogen iodide in solu-

tion by free oxygen proceeds at a different speed than in the light.

4HI + 0,^2ItH- 2H,0

Winter, Z. phyaik. Chom,, 113, 275 (1926)

Ref., A. Berthoud and G. Kicolet, d. Chim. phya., 36, 168 (1928) 69

HI
N-dimethylamiooacetic acid III-2146

When an aqueous solution of N-dimethylaminoacetic acid and excess

hydriodic acid is concentrated, n-dimethylaminoacetic acid mono-
bydriodide is formed. If less hydriodic acid is used, a semihydriodide

is formed.

(a) CH,N(CH,),COOH + HI CH,N{CH,)iCOOH HI

(b) 2CH,N(CH,),C00H + HI + H,0
-^(CHiN(CH,),COOH)t HI H,0

Ansloiv and King, Biochecn. J,, 82, 1258 (1928) 6S

HIO,
P in-2147

A concentrated solution of iodic acid reacts vigorously with yellow

phosphorus, forming phosphoric acid and free iodine.

2P + 2HIOa + 2HjO 2H,P04 + It

Million,

Ref., Ch. Friedel, Ber., 3, 325 (1870) It

HlOt
P m-2148

A dilute solution of iodic acid reacts with yellow phosphorus to form

phosphoric acid and hydr<^n iodide.

6P + 6HI0t + 9H,0 OHaPO* + SHI
Million,

Ref., Ch. Fnedel, Ber., 3, 325 (1370) It
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HNOSOf
111-2149

KaCI

Nitrosyl sulfuric acid wheo warmed with sodium chloride forms

nitrosyl chloride and sodium acid sulfate.

HNOSO4 + NaCl NOCi + NaHSO^
Tildeo,

Ref., B. Oersd, Ber., 7, 598 (1874)

PsOj

HNO,
I1I-2160

Nitrogen pentoxide ia prepared by adding 71 parts of phosphorus

pentoxide to 63 parts of nitric acid, keeping the temperature below

0*C, until the phosphoric anhydride has been added, and then

warming the mixture in a crucible.

P,Oj + 2HNO1 2HPO, + N,0»

A- Heaninger, B«r, S, 1560 (1878)

HSCN
H,0 UI-2151

Id the presence of sulfuric acid water acts on thiocyanic acid yielding

carbon oxysulfide and ammonia. The thiocyanic acid is best freshly

made from ammonium thiocyanate and sulfuric acid.

(a) (2NH 4SCN + H,S0i {NH0,SO4 + 2HSCN)

(b) HSCN + H,0 COS + NH$

P. Claesson, K. Sven. Vet. Ak. Bih. 9 , No. 14, 6 (1884) tO

H80,-

Hr 111-2162

During electrolysis of cobalt and nickel tartrate solutions containing

bisulfite, the deposition of sulfur at the cathode was observed.

(4H + 4HSOr^ 2S + 2H,0 + 40H- + 2SO, 4- 0,)

J. E. Root, J. Phys. Chem., 9, 1 (1905) 7
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HSOiNO,
PCU III-2153

Phosphorus penta^chloride reacts with nitrosyl sulfuric acid with the

evolution of heat and the formation of chlorosuifonic acid, nitrosyl

chloride and phosphorus oxychloride.

HSOiNO* + pai HSOiO + NOCI + POCU
A. Micha«lu and 0. Schumann, Ber., 7. 1079 (1874) ;/

HSOiNO>
^ 1II-2164

Nitrosyl sulfuric acid begins to decompose at 30^C. The first

reaction is probably that of dehydration, in the second (b) the water
reacts with nitrosyl sulfuric acid to form sulfuric acid and nitrogen

tri-oxide.

(h) 2HSO,NOi^ 8,0»(N0,)t + HtO
(b) 2HSO,NO, + H,0 2H,S04 + N,0,

A. Michaelis and 0. Schumann, Ber., 7. 1077 (1874) il

Hi
AgCl m-2166

Silver chloride heated in a stream of hydrogen will give metallic

silver and hydrochloric acid.

2Aga + H,-^2HCl + 2Ag

Tommaai, Gaza. ehim. ital., 8, 125 (1878) 91

Hi
Br, ni-216e

When a mixture of hydr<^en and bromine are ignited the elements

combine to form hydrogen bromide.

H, + Br, -» 2HBr

V. Mertz and W. Weith, Ber., 6, 1519 (1873) II
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C
Methane is produced with 73-96% yield by treating purified sugar

charcoal at 1150“ with a current of pure dried hydrogen.

C + 2H,— CH.

W- A, Bone and H. F. Coward. J. Chen. Soc. (London), M. 1975 (1908)

R«f., ibid W, 1219 (1910)

CH.C.H,OH
III-2168

The cresols at 500' and an initial hydrc^en pressure of 100 atm. in the

absence of a catalyst yield phenol, bensene and toluene.

3CH»CiH*OH + 4H* —> C#H»OH + C7H1 + CiH« + SHjO + 2CH 4

C. M. Cftwl«y, Fuel, 12, SS (1933)

CO in-2159

The water gas catalytic process for produciag hydrogen consists of the

oxidation at 500^ C of the carbon monoxide in water gas by steam in

the presence of a catalyst (oxide of iron).

H, + CO + H,0 -2H, + COt

Hugh S. Taylor, Ch«n. A Met. Eng,, 2T, 1263 (1922) 44

CO, m-2160

The formation of methane from carbon dioxide and hydrogen is

accompanied by diminution of volume, hence it will be favored by

high pressure. High temperature works the other way, from the

free^nergy data it appears that, at lOOO^C and atmospheric pressure

the equilibrium inclines to the side of carbon dioxide, even in the

presence of a large excess of hydrogen. Below 300^0 practically all

the carbon dioxide should go into methane. At about 600^ the four

compounds should be in molar equilibrium.

CO, + 4H,£5CH4 + 2H,0

H. N. RusmU. Science, 61, 1 (1935) 44
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H,
CO* IU-2161

In the presence of certain bacteria, no free hydrogen results from
the fermentation of glycerol by marine anaerobes because it may be
activated to unite with carbon dioxide with the production of
methane.

CO, + 4H,-^CH, + 2H,0
Qaude E. Zobell, Scie&ee, 108, 364 (1945) it

CO,

CO
ni-2ie2

When carbon dioxide and carbon monoxide are reduced by hydro
geo in the presence of reduced nickel, cobalt or copper, methane is

formed.

CO, + CO + 7H, 2CH, + 3H,0

Sabatier and Sendereas, Bull. boc. chim. (rrance), 87, 704-58 (1902)
Ref., Q. GuiUemio and B. Delacbanal, Ocapt. read., 147, 1310 (1908) 58

H,
C$, 104163

When a well dried mixture of hydrogen and carbon disulfide is passed

over hot platinum sponge, carbon and hydrogen sulfide are formed.

2H, + CS, C + 2H,S

Alph. Coeea, Ber, 1, 1}7 (1568) 2 /

H,
C,H4(C0),0 II1-2164

At 450^ and an initial pressure of hydrogen of 100 atm. without cata-

lyst, phtbalic anhydride produces water, toluene, benzene, some high

boiling residue, carbon dioxide and carbon monoxide.

2CeH4(C0),0 + 4H,- C4H, + C,H|CH, + 2CO, + CO + H,0

C. M. Cawley, Fuel, 18, 368 (1933) 75



HYDROOKN

ni'2165
C^4(OH)j .

Resorcinol, catechol and quinol when hydrogenated ,n the presence of

charcoal impregnated with ammonium molybdate and sulfur at 450

anfan initial hydrogen pressure of 100 atm., yield mamly water,

bensene and saturated hydrocarbons containing cyclohexane.

(a) C.H.(OH), + 2H, -* C.H« + 2H,0

(b) C»Hi + 3Hf — C$Hit

C. M. Cawley, Fuel, 12, 35 (1933)

CiHsCOOCiH^

At 1 15-200“ and 100 atm. pressure of hydrogen and in the presence of

a nickel catalyst, ethyl bensoate is hydrogenated to ethyl hexa-

hydrobeDzoate.

CiHsCOOCjH* + 3H,-^CiHiiCOOC,Hi

KomaUu aod MiUui, Mem. Coll. Scl., Kyoto Imp. Univ., (Japan) 14, 297A (1981)

Ref., C. M. Cawley, Fuel, 12, 369 (1938)

CiHtCOOH

At 360-400* and an initial pressure of hydrogen of 100 atm. without

catalyst, benzoic acid produces water, toluene and a high boiling

neutral oil mainly dibenzyl.

3CeHsCOOH + 8H, — C»H»CH, + (CeH»CH,), + 6H,0

C, M. CJawley, Fuel, 12, 367 (1938)

111-2167

CiHtCOOH m-2168

At 450* in the presence of activated charcoal containing ammonium
molybdate and an initial pressure of hydrogen of 100 atm., benzoic

acid is converted into water, benzene and toluene together with a

small amount of saturated and unsaturated hydrocarbons.

2C«HiCOOH 7Hi^ CiHe + C^H^CH* + 4HjO + CH*

C. M. Cawley, Fuel. 12, 367 (1933) 7S
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CeHiCOONa
in-2169

Sodium benzoate was hydrogenated at 460^ and an initial pressure of
hydrogen of 100 atm . In the absence of a catalyst, sodium carbonate,
benzene, toluene, water and a high boiling neutral oil mainly diphenyl-
methane were obtained. By theuseofacumonium molybdate catalyst
^pported on charcoal, the same products were obtained but the yields
of benzene and toluene were increased while the yield of neutral oilwas decreased.

2C*H|COONa + 3H, NatCOi + C|H, -h C,Hi H- H,0
C. M. Cawley, Fuel, 12, 368 (1833)

H,
CeHsNH)

At 760* in a tinned iron tube, hydrogen decomposes
benzene and ammonia.

m-2170

aniline yielding

CiHiNH, + H, CiH* -h NHi
E. Audibert tnd A. Ralneau. Rev. lad. mioerale (1933)
Ref., Fuel, 4

, 363 (1926) U

H,
CeH(OH 111-2171

Phenol at 340^ under an initial pressure of hydrogen of 100 atm. and
in the presence of cobalt sulfide is converted to cyclohexane, cyclo-
hexanol being formed intermediately.

(a) CiHjOH + 3H, C.HuOH
(b) C,HuOH + ff, C.H„ + H,0

Roberti, Ann de ehlm. appl. 91, 217 (1931) 7B



hydrogen

CeH^OH
1II-2172

When phenol is hydrogenated under an initial hydrogen pressure of

100 atm., after 14 hours heating at 246® in the presence of nickel oxide

as catalyst, hexahydrophenol is produced.

C^HeOH + 3H, -4 C,HuOH

Ipatieff, J. Rufis. Chem. 8oc., 19, 993

Ref., C. M. Cawley, Fuel, 11, 217 (1032)

CAOH
At about 800®, a mixture of phenol and hydrogen in a tinned iron

tube reached a state of equilibrium.

2CJI*OH + 2H, 2CfHe + 2H,0

B. Audibert and A. Raineau, Rev. md. minerale (1023)

Ref., Fuel, 4, 362 (1929) 76

C,H*OH ni-2174

Phenol is converted into hydrocarbons consisting mainly of benzene

and cyclohexane by treatment with hydrogen at 460® and an initial

pressure of hydrogen of 100 atm. in the presence of charcoal impreg-

nated with ammonium molybdate.

(a) CiH^OH + H, CaH, + H*0

(b) C|H. + 3H,-*C«H,,

(c) CiH*OH + 3H, C,HuOH
(d) CeHjiOH + H, ^ C.Hi, + H,0

C. M. Crawley, Fuel, 11, 221 (1932) 76

(CJSLih III-2176

At 760® in a tinned iron tube, hydrogen decomposes diphenyl yielding

benzene.

CeHt • CaHt + Hj —» 2C«H«

E. Audibert and A. Raineau, Rev. ind. miaerele (1923)

Ref., Fuel, 4, 363 (1925) 76
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III-2176

At 760* in a tinned iron tub«, diphenylmothane was decomposed by
hydrogen yielding bensene and methane.

C.Hi CHt C*Hj + 2H, 2C.H| H- CH4

E. Audibert aad A. Raioeaui Rev. ind. minerale (1023)
Ref., Fuel, A 363 (1925) rr

(CftHOtCO 111-2177

At 450® and an initial pressure of hydrogen of 100 atm. in the presence
of active charcoal containing ammonium molybdate, benzophenone
was converted to benzene, toluene, water and a high boiling neutral
oil, chiefly diphenylmethane.

2C,H4C0C»H* + 5H, CeH» -h CeHiCH, + (CiH»),CH, H- 2H,0

0. M. Cawley, Fuel, IS, 363 (1938)

(CiH*)j7H ni-2m
At 760® in a tinned iron tube, dipbenylamine was decomposed by
hydrogen to bensene and arnmonia.

C»Hi NH C.Hi + 2H,-»2CiH* -h NH,

E. AudiberC and A. tUineau, Rev. ind. mioerale (1923)

Kef., Fuel, 4 , 363 (1925) 75

C^Hs III-2179

At 800-860® in a turned iron tube, indene and hydrogen reach an

equilibrium with bensene and propane.

C»H| + 3H, ±5 C*He + C|H|

E. Audibert and A. Raineau, Rev. ind .minerale (1923)

Ref., Fuel, A 363 (1925) 76
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H,

C19

in-2180
C.oHjOH

At 460® and an initial hydrogen pressure of 100 atm. in the presence of

active charcoal containing anunonium molybdate, ^ napbthol yields

principally naphthalene and tetraUn. a Naphthol reacts m a similar

manner.

(a) C»*HtOH + H, + H,0

(b) Ci*H* + CioHit

C. C. Hall, F«d, 12, 425 <1«33) 76

CioH$ III-2181

At 350-400®. naphthalene is hydrogenated to tetralin in the presence

of activated charcoal containing ammonium molybdate employing

100 atm. initial pressure of hydrogen.

CioHi + 2Ht

C. 0. HftU, Fuel, 12. 90 (1933) n

H,

CioRis III-2182

At 500®, tetralin is converted to ethylbenzene, toluene, benzene and
ethane in the presence of active charcoal containing ammonium
molybdate employing 100 atm. initial hydrogen pressure. Butyl ben*
zene is an intermediate product of the reaction.

(a) ClJilt + H, CJI,- CJit
(h) + Hj^ C«H«'CsH$ +
(c) CJivCtHi + H, C,H|CH, + CH4
(d) C*H*CHj + H, CeH, + CH4

0. C. Ball, Fuel. 12, 93 (1933) 7«
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CxoH IU-2183

At 800-860* in & tinn^ iron tube, tetrahydronaphthalene and
hydrogen reach an equilibrium with benaene and butane.

CidH„ + 2H, C«H, + C^Hio

E. Audib«rt aod A. Rameau, R«v. ind. nmerale <1923)
Ref., Fuel, 4 , 363 <1925)

Equal volumes of chlonoe and hydrogen were exploded.

H, + CU-^(2HCI)

H. B. Dixon, Tra&a. Roy. Soc. (London), 184, 143 (1893)

111-2184

in-2186

Hydrogen and chlorine, prepared by the electrolysis of hydrogen
chloride, were exposed to the action of light in actinometer.

H, + Cli 2HC1

Priogsbeim, Wied, Ann., 82, 384 (1887)

G. Dyson and A. Harden, J. Chem. Soc. (London), S3, 29 (1903)

Ref., Bu^esa and Chapman, J. Chem. Soe. (London), 89, 1399 (1906)

CuCOi 111-2188

In reduction of a catalyst mixture of Cu- and Ni* carbonates, the cata-

lyst, carried on kieselguhr, is treated with hydrogen for one to four

hours at 180*-220*, at the usual pressure, using sunflower oil or cotton

seed oil as the medium in which the catalyst is suspended. After

decanting the oil, the catalyst is washed with fresh hot oiJ.

CuCO, + H, Cu + CO, + H,0

Masloboino Zhlrovoe Delo, 13, No. 4, 31 (1937)

Ref., Abstracts, Oil and Soap, 18, 3, 77 (1938)
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Dj

H,
III-2187

The isotopic equilibria in the hydrogen-hydrogen oxide system can

be reduced to three equations which involve all the components.

(a)
+ 2HD

(b) D,0 -1- H, H,0 + D,

(o) H, + HDO HD -I-

H

,0

R. H. Crist and G, A. Dalie. J. Cbtm. Pby.. 2 , 785 (1834 ) ii

D,

H.
III-2188

Whenever hydrogen is liberated from an aqueous solution containing

heavy water a separation of the isotopes occurs, i.e., the isotopic

composition of the gas is not the same as that of the liquid.

(a) H, + D.-» 2HD
(b) H,0 -I- D.0 -» 2H0D

(c) H,0 -I- HD -* HOD -I- H,

A. Fsrkss and L. Farkaa, J. Chem. Phy., 8 , 468 (1834 ) H

H,

Fed, III-2189

Nascent hydrogen reduces ferric chloride to ferrous chloride with the

minimum of heat. Hydrochloric acid is also produced in the course

of the reaction.

2FeCl, + H, 2FeCl, + 2HC1

Pizsi, Gms. chim. iUl., 7 , 112 (1877) $1

H,
HCNS ni-21$0

When hydrogen acts on thiocyanic acid, hydrocyanic acid and hydro-
gen sulfide are formed.

HCNS + Ht^ HCN + H,S

Gass. chim. ital., 19, 186 (1882) ej
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HCNS
H*

III-2191

If an excess of hydrogen js used on thiocynnic acid the product will be
cnetby] sulSde and ammonia.

HCNS H- 2H,-»CH,S + NH,
Gau. cbim. iU|.» 12 , 186 < 1682 )

H,S04
Ht

ni-2192
Certain bacteria may cause the hydrogen from the fermentation of
glycerol by marine anaerobes to reduce sulfates to hydrogen sulfide.

H,S04 + 4H, + 4H,0
Claude E. Zoboll, Scienee, 102, 364 (104S)

H,

III-2193

At ordinary temperature and in the absence of a catalyst, ammonia
cannot be synthesised from its elements even at pressures up to 900
atmospheres.

Nt + 3H, 2NH,

E. Briner and A. Wrocaynsld, J. Chim, phys., 0, 105 (1911) $$

Ht
Ni 1II-2194

Cicfit

t

When hydrogen, nitrogen and naphthalene (gaseous) are subjected

to silent electrical discharge, hydrogen cyanide is fonned.

CiaHa + H, + 5Nt lOHCN

Franz Fiarhar and Kurt Petrra, Breon. chem., 10, 113 (1929) It
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Ht
ni-2195

N*0

A mixture of hydrogen and nitrous oxide at room temperature and

imospheric pressure «as exploded by an electric spark or by a

^
2Hi + 2NiO ^ (2HiO) + (2Nt)

W. A, Bone and R. P. Fraser. Trans. Boy. Soc. (London), 2S0A. 363 (1932) lOS

H,

NiO

One volume of nitrous oxide was exploded

water and nitrogen.

IU-2X96

w'ith hydrogen, forming

NiO + Hi (Ni + HtO)

H. B. DUon, Trans. Roy. Soc. (London), 1S4, 108 (1893) 106

K:0 in-2197

Hydrogen and nitrous oxide interact at the surface of a gold wire at

704^ and 880^ to give nitrogen and water.

H, + NiO N, + H,0

W. K. Hutchison sad Cyril N. Hinshclwood, J. Cbem. Soc. (London), p. 1857

(1926) SS

Hi
Na III-2198

Solutions of 18% or less sodium hydride in molten caustic may be

produced by bubbling bydrc^en into a fused caustic bath (700^F) con-

taining molten sodium, the reactants being taken in suitable propor-

tions for the concentration desired.

2Na + Hi^ 2NaH

J. Albin, Iron Age, 15$, 60 (1945) 6
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H,

in-2199

Hydrogen (at 1 atni. pressure) and sodium react rapidly and com*
pletely at 250-300^0 when the liquid sodium is made to spread over
an inert support or preformed sodium hydride. Best surface-active
or dispersing agenta are sodium derivatives of the more acidic
aromatic hydrocarbons, such as anthracene, phenanthrene and
fluorene- Fatty acid soaps of alkali and alkaline-earth metals are
satisfactory under certain conditions.

Na + iHt NaH + 13.8 Cal.

V. L. Hansley, U.S. Pat. 2,872,670 and 2,372,671 (April 8, 1246)
Ref., V. L. Hansley and P. J. Carliale, Chem. & Eng. Kewe, 83, 1332 (1946) a

H,

ni-2200

Electrolytic hydrc^en acts on sodium oxalate to reduce it to water and
sodium glycollate and this product with water gives sodium hydroxide
and sodium hydroxyacetate.

(a) Na,C,04 + 2H|^ HtO H- CH,ONa COONa
(b) CHjONa* COONa + H,0 NaOH + CH|OH COONa
Gaas, chim. ital., 12, 196 (1882) «r

H,
NiCO, 111-2201

In reduction of a catalyst mixture of Ni- and Cu-carbonates, the

catalyst, carried on kieselguhr^ is treated with hydrogen for one to

four hours at 180^-220^, at the usual pressure, using sunflower oil or

cotton seed oil as the suspending medium. After decanting the oil,

the catalyst is washed with fresh hot oil.

NiCO, -I- H, -h CO, + H,0

Mssloboino Zbirovoe Delo, 13, No. 4, 31 (1937)

Ref., Abstracts, Oil and Soap, 16, 3, 77 (1938) III
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0

H,
I1I-2202

Direct union oi oxvgen and hydrogen takes place around 500^, The

reaction occurs mostly at the surface of the (porcelain) vessel (a).

Since hydrogen may be adsorbed^ a probable product of the union

of hydrogen with oxygen may be hydrogen peroxide (b), This latter

compound, then may be an intermediate product in the mechanism of

water formation (c).

(a) Hj + iOt — HjO

(b) Hi + Oj —» HjO*

(g)
HiO* — HiO + 40i

William C. McCulUgh L«w«, J. Chem. Soc. (London), 118 :1, 190 (1919) 4S

H,

OH 111-2203

In order to determine the specific heat of water vapor at high tempera-

tures the following beat of formation waa needed.

OH + iH, H,0 + 63,560 Cal.

R. W. Fenaingnad A. 0. Whiffin, Tnma Roy. Soc. (London), 2$8A, 151 (1940) lOS

H,
Os ni-220

In order to determine the specific beat of water vapor at high tempera-
tures the following heat of formation was needed.

H, + K>* H,0 (gas) + 57,660 Cal.

R. W. Penning and A. C. Whiffin, Trans. Roy. Soc. (London), 338A, 151 (1940) /OS
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H,
O, ni-2206

The homogeneous oxidation of hydrogen in a closed vessel is a chain

reaction and proceeds according to the following steps:

(a) H, + 0,-»20H
(b) H, + OH H,0 + H
(c) 0, + H, + H H,0 + OH
Booboeffer and Haber, Z. phy^. Ch«m., 1$7» 337 (1926)

Ref.» M. Prettre, J. Cbim. pbya., 83, 169 (1936) $$

Ht
0} I1I-2206

A mixture of hydrogen and oxygen at room temperature and atmoS'

pheric pressure was exploded electrically or by a detonator.

2H, + 0,-^(2H,0)

W. B. Boo« and Fraaer, Trane. Roy. Soc. (London), 8S0A. 863 (1932)

W. A. Bona et. al., ibid., 236A, 29 (1936)

W. A. Bone et. al., ibid., 20eA, 14 (1906)

F. P. Burt and E. C. Edgar, ibid., 216A, 406 (1916)

W. T. David, ibid., 21:a, 392 (1912)

H. B. Dixon, ibid., 200, 32$ (1903)

H. B. Dixon, ibid., 164, 107 (1693)

R. W. Feoaing and A. C. V^liiffin, ibid., 236A, 161 (1940)

W. K. HarUey, ibid., 166, 161 (1694)

Lord Kelvin, M. MacKean, and A. Oalt, ibid., 191, 213 (l$9$)

B. Lambert and D. J. Borgare, ibid., 23TA, 562 (1939)

G. D. Lieving and J. Dewar, ibid., 179, 27 (188$)

Alexander Scott, ibid, 184, 550 (1893) lOS

Oj in-2207

Bac

Hydrogen is oxidised by certain bacteria to water.

H, + *0, H,0 + 68.4 Cal

P. Fischer, R. lieske, and K. Winser, Brenn.*Cbem., 11, 453 (1930) It
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Ht

627

Ot

P

ni-2208

Hydrogen was mixed with air and exploded at an initial absolute

pressure of 76.8 lbs. per sq. in. and at 50’C. The addition of as much

as 16% CO and 35% air had little effect on the maximum pressure or

the time to develop it

2H, + 0,-*(2H,0)

B. W. FeBtdng., Trans. Roy. Soc. (I^ndon), 225A, 331 (1225) 106

H,

III-2209

Mixtures of hydre^en, osone and oxygen at 78® and 100® react as

follows:

(a) ^Oj

(b) Hj + Oi ^ HjO + Ot

J. W. Bfllton, and R. 0. Griffith, and A. M. McKlown, J. Checn. Soc, (London),

p. 3154 (1926) 66

H,

Oa ni-2210

8mal] quantities of hydrogen sulfide found in air are oxidised by the

action of ozone.

HtS + 0,^Ht0 + S + O,

Olsen and Ulrich, J. lad. Eng. Cham., $, 620 (1914) $£

Ht
111-2211

When dry Hj is led through boiling sulfur, hydrogen sulfide is formed.

H, + S^H,S
Alph Cosaa, Bar., 1, 117 (1868)



o
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H,
« ni-2212

Hydrogen free of oxygen may be activated by the vacuum tube dis-

charge to give triatomic hydrogen if the walls are poison e<l with stearic

acid.

ZHi -4 2H,

Binder, Filby and Gnjbb, Can. J. Res., 4, 331 (1931) 9^

H,
^ in-2213

The production of atomic hydrogen in discharge tubes has been
studied and calorimetric measurements have been made on partially

dissociated hydrogen from discharge tubes. From these measure-
ments and from spectroscopic data the heat of dissociation of hydro-

gen at 300^K is calculated to be 103,680 cal./g.-mole.

H,-4 2H

H. O. Pools, Proc. Roy. 8oc. (Londoo), LS3A, 404 (1937) ttO

A m-22U

In order to determine the specihc beat of hydrogen at high tempera-

tures the following beat of formation was needed.

2H H, + 103,220 Cal.

R. W. Fsoning aod A. C. Whiflftos., Traas. Roy. 8oc. (London), 238A, 151 (1940) JOS

Hs
in-2215

Mixtures of helium and hydrogen bum only if the concentration

of the latter exceeds 28% in volume.

(2H, + 0»'-4 2H|0)

J. Satterly sod £. F. Burton, Trans. Roy. Soc. (Canada) [HI], 18, 211 (1919) €0



HYDROGEN

I1I-2216
DecaflOic

„ drogeaation of the lighter uDsaturated acids is easily accomplished

^treatment with hydrogen at ordinary temperatures, in the presence

ofactive platinum black. This acid, as well as other low-melting

acids, is converted into a higher-melting compound which can be more

readily purified for identification in analytical work.

H,C:CH(CH,),COOH + H, CH,CH,(CH,)7COOH

J B. Brown, Oil and Soap, 13, 12, 805 (1938)

Light

Cli

1II-2217

The photosynthesis of hydrogen chloride takes place only with radia-

tion of shorter wave length than 6000 A.

H, + a,^2Ha
Taylor, Phil. Mag,, 49, 1 10 (1925)

Raf., J. Cathala, J. Chim. phya., 85, 182 (1928)

Hi

Linolia ni-2218

Hydrogenation of linolin can be controlled by the variation of the

ratio of Ni to soluble material in the catalysts. One of the products

which can be thus controlled is olein.

ICHj(CHi)4HC:CHCH,HC:CH(CH,)7COO],CiH, + 3H,

lCH,(CH,)7HC:CH(CH,)7COO]aC3H6

Leslie G. Jenneas, Ph. D., in Nickel Catalysts’^

Ref., Oil and Soap, 11, 7, 131 (1934) ttl
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H,
Linolin III-2219

Hydrogenation of licolin can be coDtrolled by variation of the ratio of

Ni to soluble material io the catalysts. One of the products which
may be thus controlled is Iso-olein (Elaidin).

[CH,(CHt)iHCtCHCH,HC:CH(CH,)7COO|,C,H* + 3H,

|CH,(CH,),CH;HC(CH,),COO),CiH,

Leslie G. Jenoen, in '‘Niekei Calalysta”

Ret., Oil and Soap, 11, 7, 181 (1934) fu

Hi
Linolin 111-2220

Hydrogenation at higher temps, decreases the formation of Iso-oleic

(Elaidic) acid. Results: Temp. 250-300^, time, 57-176 min., Ni 1-

10%, pressure, 25mm water. Yield of Elaidic, 1.93 to 12.22 per cent.

Reaction inhibited by higher temperature.

lCHi(CH,),HC:CHCH,HC:CH(CH,),C001iC,H, H- 3H|

(CH,(CH,),HC:CH(CH,),COO],C,H,

Karl Kammenneyer, Oil and Soap, 12, 2, 33 (1935)

Ref., SeMchi Ueno, J. Soc. Chem. Ind. (Japan), 37, aupp. 457, (1934) til

H,

Palmitic Add III-2221

In 1931, Adkins and Folkers found that with the proper catalyst, it

was possible to obtain the corresponding alcohols having the same

number of carbon atoms as the acid bydri^enated. Conditions

necessary for this hydrogenation not stated in this article.

CH,(CH,),4C00H + 2H,-» CH,(CH,)hCH|OH + H|0

Adkins and Folkers, J. Am. Chem. Soc., 53, 1095 (1932)

Ref., W. C. Gangloff, Oil and Soap, 15, 1, 15 (1936) iJI



hydrogen

H,
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RiciaoJexc acic

Castor oil was hardened to m.p. 62.0“-66.5®, and iodine number 3.

The /at acids became predominantly stearic, with some other acids.

The double bond was reduced more easily than the —OH group.

(a) CHj(CH,)jCHOHCH,CH:CH(CH,)7COOH H- H,

^ CH,(CH,)4CHOH{CH,),oCOOH

(b) CH,(CH,)iCHOH{CH,)i.COOH + H,

-CH,(CH,),iCOOH + H,0

A. BOmer aod Fr. Breto, Z. Untert- Labejwm., 72» 1-34 (1936)

Ref., Oil sad Soap, 18, 10, 266 (1936) JJJ

Ht

Stearic Acid II I*2223

Preparation of materials of hydrocarbon or alcohol character from

esters of high mol. wt. acid by hydrogenation at 60 to 300 atm., and
temps, over 2S0®.

(Reaction of free stearic acid used in order to simplify this abstract.)

(a) CjtHwCOOH + H, C„H,>CH,OH + H,0
(b) C„H«CH,OH + H, CitHiiCH, + HiO

Walter Scbrauth, Ger. Pat. No. 629.244.

Ref., Oil and Soap, 18, 11, 294 (1936)

Brt

HtO

Hypobromous acid is formed by action of bromine on water:

II1-2224

Br* + HjO^ HBrO + HBr

A. Berthoud and M. Mosset, J. Chim. phys., 83, 272 (1936)
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CH,SCHjCHjCH(OCjH0, ****•

HCl

/5-Methylthiolpropaldehy<iedielhylaceUl is hydrolyMd by boiling for

30 minutes with very dilute hydrochloric acid, forming ^-methylthioN

propaldehyde, which separates on cooling.

1IL2225

CH^CHtCHtCH(OCjH»), + H,0
CH,SCH,CH,CHO + (2C*H^OH)

Barger and Coyne, Biocbem. J., 82, 1420 (1928)

CH«SCHsCH(OC)H09 Ul-222e

When methylthiolacetal is boiled in 1% hydrochloric acid solution for

30 minutes, methylthiolacetaldehyde is formed.

CH,SCHiCH(OCjHi), + H,0 -* CHjSCHtCHO + (2C*H|0H)

Barger and Coyne, Bioohecn. J., 22, 1424 (1928)

H,0

(CH,C0),0
III-2227

In preparation of tnily anhydrous acetic acid, two liUrs of glacial

acetic are refluxed with one hundred milliliters of acetic anhydride

for three hours. Anhydrous acid thus prepared is to be stored m

paraffin^sealed bottles.

(CHiCO)iO + H,0 2CHiCOOH

W. S. Martin and R. C. Stillman, Oil and Soap, 10, 30 (1933)

m-222S

Chlorine in the nascent state reacU with water to give oxygen and

bypochlorous acid.

HjO + 4a 2Ha + Oi

(b) H,0 + 2C1 ^ HCl + HOCl

E. Doumer, J. Chim. phya., 19, 38 (1921)
$9
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111-2229

Cl

»d .„lto dioxide «... "itb *..» -

aod hydrochloric acid.

2C1 + SO, + 2H,0^ H,SO. + 2Ha

GreeDw»lt, J. Ind. Eng. Chem., 8. 568 (1910)
te

QU

HtO
m-2230

Water vapor heated with chlorine to 120' forma oxygen and hydro-

chloric acid.

2H»0 + 2Cli 4HCI + 0*

C. BaakerviUe and R. Stevenma. J. W. Eng. Cham., 8, «1 (19n)

in-2231

When iron cornea in contact with oxygen-^ring aolution it reacta

with the oxygen and water, forming ferric hydroxide.

6H,0 -h 30, + 4Fe -» 4Fe(OH),

R. J. McKay, lad. Eng. Cham., IT. 24 (1925)

H,0
ni-2232

Fe

FeO

The high ratio of water gas consumed, to hydrogen produced, in the

water gas catalytic process can be attributed to equilibrium reactions

in both steaming and reducing phases.

3Fe -1- 3H,0 3FeO + 3H,

3FeO -I- H,0 ^ FejO, + H,

3Fe -I- SCO, ^ 3FeO + 3CO

3FeO -I- CO,^ Fe/3, + CO

Hugh S. Taylor, dem. i Met. Ei«., 87, 1263 (1922)

(a)

(b)

(C)

(d)
U
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Mg 111-2233

Water vapor is reduced to hydrogen by magnesium.

(a) “HO + Mg^MgO + H”
(b) H,0 + Mg MgO + H,

H. Cretier, Z. soal. CbeiQ.» 1$, 1 (1874)

UtO
MgiSt I1I-2234

The moisture content of a gas may be determined by the use of

magnesium nitride and a determination of the ammonia liberated.

Mg,N, + 6H,0 3Mg(OH)i + 2NH 3

Harry Levin, Karl Ubrig, asd P. M. Roberti, Anal. Ed., 17, 212 (1945) 4

Na-Hg
HtO

in-2235

The decomposition of water by sodium, magnesium or ammonium

amalgams is accompanied by the emission of photons (2510A):

2H,0 + 2Na-Hg 2NaOH + H, + 2Hg

R. Audubert, J. Chim. phyt., 9$. 507 (1938)

HtO
m-2236

Hydrogen peroxide, 100% pure, liquid and free of water is made

through electrolytical oxidation of water by means of silent deotrio

discharge.

2HtO + Ot 2HtO* + 44,320 cal*

P. M. Wolf, Z. Elektfochem., 20, 204 (1914)
^
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in-2237

(ReBf:) . ,
lx- /»omDonent elements.

with . .ixtu. of oxy«e. aod

hydrogen slowly yields water-

(2HjO -* 2Hi + Oj)

H FJw.r<is J Soc. Chem. Ind. (London). 24, 266 (1905)

SiX'.:; j
» <.»)

10&

Rn
ni-2238

R.di„,. io.. (»J») » '°

neon, while the water is decomposed. .

2HiO + Rn -» 2H» + Oi + Ne

V T. Cameron and Sir W. Bam-X, J- Cham, 8oc. (Undon),_98, 996_(1908)

H,0
II1-2239

When water vapor is passed through boiling sulfur, hydrogen sulfide

and dithionic Mid are formed.

3HjO + 4S 2HtS + HjSiOi

Jacob Myr«, B«r., 5, 260 (1872)
11

When pure water in which is suspended finely divided sulfur is

electrolized, a smaU amount of hydre^en sulfide is formed.

2S + 2H,0-^2H^ + 0,

AJph. Cossa, Bar., 1, 118 (1868)
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Aminomalonicnitrile

HtO
in-2241

When aminomalonicnitrile b warmed with an aqueous solution o(

barium hydroxide, glycocol, ammonia, and carbon dioxide are

formed.

CH(NH:){CN)j + 4H,0 CH,(NHt>COOH + CO, + 2NH,

P. Lsth&m, Biocbem. J., 8. 199 (1908)

Association

H,0
m-2242

Precise vapor density^rneasureroenle were made on ethyl alcohol,

methyl alcohol, water, and bensene. From these could be calculated

the concentration of normal and associated water molecules.

6H,0 £5 3(H,0), fcr 2(H,0), Wt. percent at

75 17 * 8 0.75*C.

74 26 0 30*C.

Earl of Berkeley and E. Stanhouae, Trsns. Roy. Soc .
(Londw), 289A, 255 (1930) lOS

H,0
^ - m-2243

and y Rays

Radium chloride in a sealed glass bulb is placed in a glass tube and

plunged in distilled water contained in a vessel under vacuum. The

glass filters out the alpha rays emitted by the radium salt; the beta

and gamma rays react with waUr to form hydrogen gas and hydrogen

peroxide.
rj . u n

2H,0 + bets, gamma rays H, +

M. KemhaunJ, Compt. read., 148, 706 (1909)
S8

HiO
111-2244

Ca-Stearate

Calcium soaps formed in hard waters hydrdyse readily, allowing some

free fatty acids to be present in the water, along with the weak hydrox-

ides of the alkaline earth metals. This action impedes the action

of the remaining alkali soap. Stearic salt used as example:

(CijHMCOO)jCa -1- HiO -» Ca(OH)i + ZCitHuCOOH

W, C. Gsngloff, Oil snd Soap, 15, I, 15 (1938)
Hi



hydrogen

HjO

037

ni“2246

Glycerol Stearate

,,„:„terrupted circulation through a column of

..Water is passed m
^ pressure high enough to

molten fat at a temp. ®
.

j -jiie glycerol is washed by the

r“"

C,H,(C.,H„COO). + 3H,0 - C.H.(OH). + 3C.,H„COOH

« ^ K H P P»t.. Jm. 28, 1837, No- 808,068.

Henk«l and Oe.t G. m, b. H., •

Ref.. Abatraet, of Pstents, Oil and Soap, U. U, 304 0937)
ill

III-2246

formed in hard waters hydrolise readily, allowingMg'Stearate

h^roxidel of the alkaline earth metals. This action impedes the

Son of the remaining alkali soap. Stearic salt used as example.

(Cl,H,.COO),Mg + 2H,0 - Mg(OH), + 2C„HhCOOH

W. 0- Oangloff, Oil and Soap, 1», 1, IS (1938)
HI

H,0
111-2247

A mixture made of approximaUly 88.6% of oxygen 11.4% of

hydrogen by weight results when an electric arc is formed between

platinum electrodes under water.

2HtO-*2Ht+Ot

F. PetfUc, Ch«m. 0b.» 8, 48 (1834)

H,0
in'2248

Water was electrolysed to get pure hydrc^en; barium hydroxide was

used as an electrolyte.

2H,0^2H,+ 0,

H. B. Dixon and B- C. Edgar, Trans- Roy. Soc. (London), 206A, 170 (1906)

W A. Bone and R. V. Wheeler, ibid., 206A, 12 (1906)

E. C. Edgar, ibid.. 209A, 1 (1908)
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H«Oi
111-2249

Ag,0

The oxidation silver oxide by hydrogen peroxide yields metallic

silver, oxygen and water.

(a) Ag,0 + 3H,0,^ H4Ag.O. + H,0

(b) H.Ab,0, — 2A6 + 2H,0 + 20t

J, H. Kistle and A. 8. Loevenhnrt, Am. Ch*ni. J., »«. 575 (1903)

H,0t

(Au)
1II-2260

The decomposition of hydrogen peroxide on the surfece of gold is a

zero order reaction:

2HtO»-^2HtO +0*

P. A. Giguire and O. Maa», Can. J. Bm., B19, 94 (1940)
e9

H,0,
II1>2251

Br:

In acid solution at room temperature hydrogen peroxide reduces

bromine to bromide.
our,.

HiOj + Brt -• 0* + 2HBr

W. C. Brsy and R. 8. Uvinpton. J. Am. Ch.m. 8o«., 46, «

ra-2262

^^’°An alLline solution of hydrogen peroxide was tr»t^ with diethyl

fuUa e over a period of 20 hours at 0" to give ethyl ^ydro^n pero«de

and Sethyl peroxide in low yields. The procedure « modified from

Baeyer and ViUiger. Ber., 31. 738 (1901).

(a) H.O. + (C,H.),SO, + KOH^
p_jj^Q0H + C.B^KSO, + H,0

(b) H.O, + 2(C,H.).S0. + ^ SC.H.KSO. + 2H,0

E J. Harris. Ptoc. Roy. Boe. (London), leSA, I (1938)
nn
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ai-2263

n.(C^ 7
).SO.

hvdrMen peroxide was treated with di-n-

A, fdSSdfor 8 hours to give low yields of u-

propyl sulfate at 0 and
di-n-propyl peroxide

re’sSr ^

iud Villiger, Be;.;34. 738 (1901) with diethyl sulfate.

(a) H,0. + n-(CJJ,)^* + n-C.H,KSO, + H.O

(b) H,0i + 2“-(C.H,).SO.

^

2n-C.H,KSO, + 2H,0

E. J. Karri., Pr«. Roy. Soc. (I^o<>oo). »**•/_«
no

H,0,
in-2264

A water solution of bensaraidoxime to which has been added nickel

Chloride yields with oxygen or hydrogen peroxide in the presence of

ammonia, violet-red needles.

3C.H.CN,H.0 NH, -H 3H,0.- (C.H.c/ ).N -1- 6H,0

NO

J. V. Dubaky and M. Kurai, Chem. Idrt., 84. 464 (1930)

H.O,
III-2266

Ce(S04).
_

A recent method for determining hydrogen peroxide in the presence of

organic matter is titration with ceric sulfate solutions.

2Ce(S04)j + HtO, -* CeaCSO.), + HaSO, -I- 0,

J. S. Reichert, S. A. McNeight, and H. W. Rudel, Anal. Ed,. 11, 194 (1939) U
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D,0 ni-2266

When heavy water is added to hydrogen peroxide the following

exchange reactiona occur:

(a) H.Oi + D,0 -.11,0 + DA
(b) H,0, + DA — 2HDO,

(0 H,0 + D,0^ 2HDO

Gigu^re and Muss, Can J., R«8.» ISB, 89 (1940)

H,0,

(Fe80,‘2FeCl,)

The catalytic decomposition of hydrogen peroxide by ferric oxychlo-

ride is a reaction of the first order.

2Hi0t 2H,0 + 0.

J. Duclaiu, J. Chim. phys., W, 18 (1923)

HBr

H,Ot
m-2268

In acid solution at room temperature, hydrogen peroxide oxidises

bromide to bromine.

H,0i + 2HBr Br, + 2H,0

W, C. Bray and R. S, UvingatOD, J. Am. Chwn. Soc-, 48, 1251 (1923)

HtO:

HCOH
UI-2269

In the oxidation of formic aldehyde, the hydrogen peroxide adds to the

aldehyde in its highest proportion forming the holonde condrtion of

oxidation and then breaks down into its highest stable oxidation

product.
jjCOH + H,0, -* HCOOH + H,0

J. H. Kastle sod A. S. Loevenhart, Am. Chcm. 4., 29, 569 (1903) SI
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II1-2260

HCl
I ^ tvKapi dry hydrogen chloride is passed into

Chlorine .a evolved
J temperatures,

anhydrous hydrogen peroxide eveu

2HC1 + HjO,^ Cli + (2H,0)

0. Mas« and P. G. Hieher. Am. Chem.S«. 48.^290 U^)

HtO,
111-2261

HNO

u, HNO. + 2HA- HNO, + 2H,0 (?)

HNO. + H.0 — HNO, + H,0,

LS'i HaXan^i D.' C». J. Ro... B_ie, 2»_ 0938)
_ _

69

H,0.

H,C0,
,

Hydrogen peroxide oxidises carbonic acid to percarbon.c acid

H,0, + H,CO,^ H,CO, + H,0

M. UBlwc and R. ZeUmann, Z. Hektrochem., 29, 182 (1923)

1II-2262

86

HtOs
111-2263

HsSOs

In the oxidation of sulfurous acid the hydrogen peroxide adds right

on to the acid in exactly the proportion of its highest labile, holoxide

condition of oxidation and then breaks doivn into the highest stable

oxidation product.

(a)

(b)

H,SO, + H,0,^ H.S0,

H.SO,— H,S0, + H,0

J. H. Kaatle aad A. 8. Loeveohart, Am. Chem. J., 29, 569 (1903) HI
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1U-22S4

The mechanism for the decompo^Uon of HtO* on a mercury surface

is undoubtedly as follows:

(a) 2Hg + H,0» HgtO + H,0

(b) Hg,0 + 2H,0, 2H60 + 2H,0 + 0

(c) 0 + HtOj HtO + Ot

L. Elder end E. K. Rideel, Trwie. Ferediy Soc., 88, 551 (1027)

HtOt

KI
I1N2265

When hydrogen peroxide in acid solution is added to an iodide, iodine

is liberated quantitatively.

2KI + H^O, + HtOt KtSOt + 2H,0 + li

C. T. Kingzett, Anelyst, 1$, 62 (1888)
40

EMnOi
HtOt

111-2266

Hydrogen peroxide reacts with potassium permanganate in acid solu

tion with the evolution of oxygen.

2KMnO. + 5HA + 3H,S0. - K,SO. + 2MnS0. + 8H,0 + 50,

CerpecUr end Nicholsoa, Anelyst, 9, 37 (1884) 40

HtO,

EMqOi
HtSO«

m-2267

Hydrogen peroxide reacts with potassium permanganate with the

aid of sulfuric acid to form potassium sulfate, manganese sulfate

water and oxygen.

5H.O, + 2KMnO. + 3H,SO,- K^O, + aMnSO. + 8H,0 + 50,

Bach, Am. Ch«m. J., 29, 465 (1908)

J. S. Reichert, S. A. McNe^t end H. W. Rudel,

Aschoff, J. f. VT$kt. C:hcm., 81, 404 (1850)

Ref., J. Am. Chcm. Soc., 1, 321 (1876)

Anal- Ed., 11, 194 (1939) 44

tt

J
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1II-2268

CeBrN

5% oxalic acid to equal paru
contwninK 6 drops of anilin per

-“.1srro"^” -• p- “

detected by a pink color.

s:l

’

69

HtO]

KtSiOt

111-2269

Hydrogen peroxide reacU slowly with potassium persulfate under

ordinary conditions.

HiO, + K,S,Oi-*K,SO, + HjSO, + 0,

Fri»d. Proc, Ch«m. Soc, {London). SO. M. 198, J. Chem. Soc. (Undon), 86, 597,

1683

Ref.. J. Am- Chem. Soc. 27, IMS (1907)

ni-2270
NH,CNS

In the oxidation of ammonium thiocyanate, the

adds to the thiocyanate in the proportion of its highest labile state

forming an unstable compound which breaks down to its highest

oxidation product.

(a) NH4CNS + 3H,0, NH.CNS 3H,0,

(b) NH,CNS-3H,0,^NH4S0, + HCN + 2H,0

A. S. Kastle and J. H. Loevenhart, Am. Chem. J., 29, 569 (1903)
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HtO,
III-2271NtOe

At low temperature pure hydrogen peroxide and nitrogen pentoxide

behave aa a peracid;

H*Oi + NtO* HNOj + HNO4

J. N. Friend, Text-book of Ino^nic Chenaiatry, HI

Ref., W. H. Hetcber and D. W- MecLeuchUn, Can. J- Rea., B14, 263 (1938)

NaOBr
H,0,

in-2272

Hydrogen peroxide decomposes sodium hypobromite with the forma-

tion of oxygen and sodium bromide.

NaOBr + H,Ot NaBr + H,0 + 0i

W. M. Dehn, J. Am. Chem. Soe., 29, 1318 (1907)

Ref., ibid., 31, 528 (1909)

H,0,

Pb(C,H,0,)0H

Basic lead acetate is oxidised to lead dioxide by very dilutesolutions

of hydrogen peroxide.

H,0: + Pb(CiH|Oi)OH -* PbO* + CH,COOH + HtO

C. F. Schoenbein, 2. anal. Chem., 1, 440 (1882)

(Pt)

HtO,
ni-2274

Platinum black readily decomposes HtOt yielding oxygen and

vrater

2H,0, + (Pt) ^ 2H,0 + 0,

Mulder and Van D«r Meulen, Ree. trav. Chim., 1, 171 (1882) 99
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III-2276

SoCla

HCl
,s*;#Ativelv \vith hydrogen

peroxide.

Stannous chloride reacts quantita

SnCU + 2HC1 + H,0.^ SnCl. + 2H.0

« Vm »a B. w. Ruael, A»al. Ed.. 11. 194 (1939)

J. 8. Reichert, S- A. McNeiaht, *na
U

H«Ot 111-2276

TiCU

HCl

UiShloride solution by hydrogen peroxide.

2TiCl. + H.O, + 2HCI - 2TiCl, + 2H,0

J. 8. Reichert, 8. A, McNei^ht. W.^W Ed.. U.m 44

HiOj
ni-2277

Blood catalase

At 40* blood catalase

peroxide.

catalyees the decomposition of hydrogen

2H,0, -• 2H,0 + O,

K. Kosoks, J. Biothem. (JapM»)i 8. Wl (19*1)
ei

in-2278
Catalyst-Pt .

, ,

In the catalytic decomposition of hydrogen pero^de ««Uoidal

platinum, only one molecule of the peroxide enters into reaction.

H,0, H,0 + 0

Bredigandvon Bemeck, J. Phys. Chem.. SI. 2W (18^)

bXj. H.Loeyeiihart «id A. S, KwtU, Am. Chem. J., 29. 399 (1903)

Eef., Trauhe, ibid., 26, 437 (1903)

1 «
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H,0,
Cystine II1-2279

Hydrogen peroxide reacts with cystine under physiological conditions

to form taurine.

{5H,0* + lSCH,CH{NHt)COOH],
-»2COi + 4HtO + 2H,NCH,CH^OaH)

A. SchOberl, Z. physiol. Chois., 3H, 193 (1933) U

H,0,

Glutaminyl monoanlUde III **2280

Glutaminyl monoanilide is oxidised to succinyl monoanilide when

warmed with HjOo and a trace of FeCU in ammoniacal solution as a

catalyst.

NH,OOCCHNHt(CH,)tCONHC«H* + H,Ot

(2H,0) + NH«OOCCH,CH,COC,H,NH + HCN

Stewart and TucuiicUflo, Bioehem. J., 19, 297 (192S) SS

n-heptoic acid

H,0,
in-2281

When beptoic acid and hydrogen peroxide are heated in ammoniacal

solution for four hours, some methyl-n-butyl ketone, acetic acid,

Y-keto-n-heptoic acid, and 5-keto-n-heptoic acid are formed.

(SCJIijCOONH# + 3HtO,

CH,COC.H» + CH/:OONH< + CiHrCOCHtCHrCOONH*
+ C,H^CO(CH,)|COONH4 + 3H,0)

P. W. Clutterbuck and H. S. Raper, Bwcben. J., 19, 3S5 (1925)
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ni-2282

n-bezoic acid

. - ,nH hvdrogeD peroxide are heated ia ammoinacal

When n-hexoic acid and hydros P ^
are formed.

keto-n-hexoic acid aad 5-keto-n iic

4C.HuCOONH4 + H,0,
^ C.H.COCH.CH,COONH.

-2CH.COC,H, + ^

U „ AH 8 Raper. Bio«h«m. J., 19. 3S5 (1925)

P, W, Clutterbuck aad H. ». «•!>«

SS

HjOj
III-2283

LightL pho.„h.».i»i “sreS
acid, acetic acid, benaoic acid, and UrUnc acid.

2H,0j -* 2HjO + Oi

j. H. Mathew, and H, A. Curtia, J. Phya.

H,0,
I1I-2284

Metals

Hydrogen peroxide decomposes with metals to give the following

equations:

(a)

(b)

(c)

HjOj + M -* M* + OH + OH

H*Oj + OH -» HjO + HOj

0. + H,0, OH- + OH + Oi

Weiss, Trans. Faraday Soc-, 81, 1547 (*^36)

GiguJre and Maass, Can. J. Res., 19B, 89 (1940)
9i
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Mjristic Acid 111-2285

When myri&tic acid and hydrogen peroxide are heated in ammoniacal
solution for 4 hours, some y-keto-myristic acid is formed.

CuHitCOONHi H- 3HtO, Ci#H,iCOCHtCH,COOXH* + (SH^O)

P. W. ClutUrhuck and H. 8. Raper, Biocbam. J., 19. 365 (1925)

H,0,
n-octoic add 111-226$

When n-octoic acid and HiOt are heated in ammoniacal solution for

4 hours, some methyl-n-amyl ketone, acetic acid, y-keto^n-octoic

acid, and 5*keto*n-octoic acid are produced.

(3CtHuCOONH4 + HiOi
^CH3COC4Hu + CHiCOONHi + CiH»COCH,CH,COONH,

+ C,H7CO(CHt)*COONH* + 2H,0)

P. W. Cluttarbuck and K. S. Raper. Biochem. J.. 19. 365 (1926) SS

H,0,

Oleic acid m-22B7

In preparation of dibydroxystearic acid, oleic acid is treated in glacial

acetic acid or acetone (at about 60*0), with hydrogen peroxide.

CHi(CH,)tHC:CH(CH,)jCOOH + 2HO - OH
-*CHi(CH,)tHCOH - HC0H{CH,),C00H + 2HOH

Hilditch. J. Chem. Soc. (London), p. 162$ (1926)

Ref., Rslaton and Bauer. Oil and Soap. 18. 7. 171 (1936) tti

KtOi

Palmitic acid III-2288

When palmitic acid and HtOs are heated in ammonical solution for

four hours, some y*keto-paImiiic acid is produced.

C»H«C00NH4 + C»,Ht4COCH,CH,COONH*+(3HiO)

P. W, Clutterbuck and H. S. Raper, Biocbem. J.. 19, 385 (1926) 6$
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III-2289

stearic acid
. „ O arc heated in ammoniacal solution for

obtain^*

C„H.^OONft
+ (Hfl) + C..H.,OOCH.OH,COONH. + ?

j If R R&Der Biochetn. W, 385 (1925)

P, W. Clutterbuck and H. 8- Kaper»

Uric acid

H,0,
111-2290

. 1^ with uric acid under physiological condi-

doS^^'anantorTs formed besides some eyanuric acid and some

carbonyl diurea.

H,0, + C.H.N.O, -* CO. + C4Hja40,

H, Wieland and T. T. Maerae, Z- phyMol, Cham., 803. M (1981)
lA

H,0,
1II-2291

Decomp

Two weaUy held hydrogen atoms of one molecule of the

peroxide split the second molecule into two hydroxyl groups produc-

ing water and oxygen.

2HiO,^ 2H,0 + Of

$I

Decomp.

Hydrogen peroxide reverts

oxygen content.

H,0,
1II-2292

to the oxide as it liberates its active

2HjOi^ 2HjO + 0,

J. S. Reichert, 8. A. McN€ight> and H. W. Rudel, Anal. Ed., 11, 194 (1939) 44
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H,0,

Decomp. III-2293

The decomposition of slkalioe hydr^en peroxide on Pyrex giftss is

a. first order re&ction:

2HiOi 2H,0 + 0,

P. A. Gigu^re uid 0. Musa, Ctn. J. Res., BIS, S4 (IMO) eo

US
CiRt m-2294

At temperatures around 200^C and in presence of various catalysts,

propylene reacts with hydrogen sulfide to form propyl mercaptan.

The reaction does not go to completion; the percent of yield depend-
ing on the type of catalyst.

(HiS + C,Hi CHaCHt CH, SH)

H. R. Duffy, R. D. ^ow, and D. B. Keyu, I&d. Eng. Cbem., 20, 98 (1934) t4

FeCla 1II-2295

0,

Hydrogen sulfide passed into ferric chloride solution precipitates

sulfur and leaves ferrous chloride and hydrochloric acid in solution.

This solution on exposure to lur or oxygen reverts the ferrous chloride

to ferric chloride.

2FeCli + HtS 2FeCli + 2HC1 + S

K. E. Peterson, Sv. Kern. Tidsk., 1, 125 <1859) 10

US
Fe(OH)a in4296

0 ,

Indirect oxidation of hydrogen sulfide and ferric hydroxide in air

yields ferric sulfide and water in the first stage and ferric hydroxide

and free sulfur in the second stage.

(a) 2Fe(0H)j + 3H,S^ FeaS* + 6H,0

(b) 2Fe,Si + 6H,0 + 30|^ 4Fe(0H)a + 6S

K. E. Peterson, Sv. Kern. Tidsk., 1, 125 (1889) 10
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HsO

I,

69

in.2297

, -.K water a complex that undergoes

Hydrogen sulfide forma, with water,

electrolytic
oxidation:

H, WHgt,tacd 0.
R-..

H*S
111-2298

A * mlnfttioa of hydrc^en sulfide and carbon dioxide

A simultaneous
of titrating the former with

in a continuous gM str^ hydtox.de solu-

HjS + Ii-*2HI + S

Clyde L. Blohm sad Fr«l C'

H.S

u

I1I-2299

HsO

reaction docs not take place in the absence of water.)

I, + H^^2HI + S

Ajex. NBummn, Ber., 9, 180 (1869)
//

H.S
in-2300

0

The process of manufacturing ammonium

U oMsing hydrogen sulfide over bog iron heated to 60-70 C. The

X dioxide gas reacts with ammonia and water forming ammonmm

acid sulfite.

, , H,S + 30^ H,0 + SO,

(b) SO, + NH, + H,0 -* NH.HSO,

K Burkheiser, J. Ind. Eng. Cbem-, S, 587 (1910)

gg



652 ENCYCLOPEDIA OF CHEMICAL REACTIONS

H,S
O 9 m-2301

A mixture of hydrogen sulfide and oxygen at room temperature and
atmospheric pressure was exploded by an electric spark or by a
detonator.

+ 30i (2H,0> + <2SO,)

W. A. Bone and R. P. Fraser^ Trana. Hoy. Soc. (London), SSOA, 363-85 (1932) 106

HiS
Oi m-2302

Hydr^en sulfide is oxidised to free sulfur at temperatures above

300^0 with approximately 7fi% conversion.

2H|S + Oi ^ + 2HtO

W. H. Cadnan, Ind. Eng. Cbem., 26, 316 (1934) ti

HiS

Oi 10-2303

Bac.

Hydrogen sulfide is oxidised by certun bacteria^ first to sulfur

and then to sulfuric acid.

(a) H,S + i0,-H,0 + 8

(b) S + 1*0, + H,0 H,S04 + 141 Cal.

F. Fiacber, R. Ueske, K. Winzar, Brens. Cbam., 11, 453 (1930) 11

A
H,SO<

in-2804

Sulfuric acid produced oxygen by passing it over porcelain in a hot

tube.

H,S04^H,S + 20,

C. Baakerville asd R. StevenBoo, J. Isd. Esg. Chem., 8, 471 (1911) tt
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1II-2306

AgNO
.

. ,, with a solution of silver nitrate to form

Thiosulfuric acid reacts witn a

^iver sulfide, sulfuric and nitric acids.

H.S,0, + 2AgNO. + H,0- Ag3 + H^O. + 2HNO.

Jacob Myers, Bcr., 6, 261 (1871)

in-2306
HiS.O.

H6(CN),

... ^v-n added to tetrathionic acid forms sulfuric

S”~ic sulfide, free sulfur, and hydrocyanic acid.

HcScO. + HgfCN). + 2H,0 - 2H.SO. + HgS + S + 2HCN

D, Msodelsieff. V. von RichUr,

Os

HsPO,
III-2307

Hypophosphorous acid U oxidised when allowed to sUnd a long time

in contact with the air, to phosphorus acid.

(H|P0i + 0-*H,P0,)

C. RMumelaberg, Ber., 1, 185 (1858)
II

UnOi

KOH
111-230$

When manganese dioxide and potassium hydroxide are heated to

450®C potassium manganate and water are formed.

2K0H + MnO, + *0, KjMn04 + HjO

H. Vogel, Ber., 8, 902 (1870)
11
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NH,
HgCNO,), m-2309

A yellow compound resembling basic nitrate separates out when

mercuric nitrate is added to liquid ammonia.

Hg{NO,), + 2NH,^ <HgNH,NO,) + (NH.NO,)

H- P. Cady, J. Phy«. Chem., 1, 71 1 (1896-7) 7

t

(NaCl)

NH»
m-2310

The formation of ammonium and amine when a solution of liquid

ammonia containing a dissolved sodium compound is electrolysed, as

suggested by Bleekrode, Phil Mag. (5), 5| 384 (1878), ia doubted and

experimental evidence is adduced against it.

2NH,-NH, + NH,

H. P. Cady, J. Pbyt. Cbem., 1, 708 (1886-7) 7

NiH*

Mn,(SO.)« in-23U

An incomplete mono-de^lectronation of hydraaine by manganic ion

may be represented by the follovkdng equation.

2NtH, + Mn,(S04), N, + 2NHi + 2MnS04 + HfSO^

A. 0. Houpt, K. W. 8h«rk, and A. W. Browne, Anal, Ed., 7, 54 (1986) 44

0
N,H4

I1N2312

The permanganate oxidation of hydrasine in hydrochloric acid solu-

tion corresponds quantitatively to the equation.

N,H* + 20^Nt + 2H:0

A. G. Houpt, K. W. Sberk, and A- W. Browne, Anal. Ed., 7, 54 (1935) 44
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111-2313

The presence of 'To'^lS^tLrSout one-thW

convene -

ance with the tentative equation.

3N,H. + 30-^2N, + 2NH. + 3H,0

A. G. Houpt. K. W. Sh«k, and A. W. Bro^e. ^^
NaHSO,

Ill>2314

. .«t«l sodium bisulfite solution when treated with *mc in

....i-™ M-o^n kyp«um«.

NaHSOi + Zn- NaHSOt + (Z»0)

Schutrtnbcrger,

Ref., Ch. Fricdel, Ber., 2» 431 (1869)



ILLINIUM

11*0,

HNO, m-2316

Pb(NO,),

The double lead nitrate seems to offer an efficient method for the con-

centration of Illinium.

(1!*0* 6HN0, H- 3Pb(N0,), 3Pb(NO,),«2Il(NO,), + 3HtO)

D. W. Pearce and J. A. Harris, Traaa. Roy. 8oe. (Canada), [111], 24, 145 (1030) $9



indiom

I1I-2316

Os

Oxidation of trimethyl indium

4(CH,)*In + 0, -

H. GilmaD and R. JooM, Am.

takes place at low temperature.

2[(CH,)»In]*0 + 2CtH«

Cham.Soe., €2,2353(1MO) i$

0
1II-2817

„r, - j' ^ rif^Athvl is allowed to stand in contact with oxygw

IT-TSMor 250 hours the gaseous mixture was found to oonUin 8%

*‘*’""*'
4In(CH,). + 0. 2|ln(CH,),1.0 + 2C.H.

L. M, Deoais, B. W. Worked E. 0.

(C.H.).Id
in-2S18

Os

Passinc oxygen for 48 hours through a rapidly stirred benzene solu-

tion oftriphenyUndiuro oxidizes this compound and yields diphenyl.

2(C*Hi)sIn + iOi KCiHs)tInlsO + C«Hr C|H»

H. GUmaa and R. G. Jones, J. Am. Chem. Soc., 68, 2356 (1M0> 16

Br

In

By passing bromine over heated indium for a short period, r

colored indium monobromide is formed. If bromine r^ts wi

indium for a longer period, dark yeUow colored indium dibromide is

obtained.

In -h Br -» InBr

In + 2Br InBr*

m-2319

red

ith

(a)

(b)

A. Thiel, Z. anorg. Chem., 40, 280 (1904)
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In

(CJlOjHg in-2320

In an atmosphere of pure, dry nitrogen, the heating of diphenyU
mercury and indium cut into small pieces at a temperature of 138^

for at least 48 hours produced triphenylindium.

2In + 3(CiHs)*Hg 2(C|H0t In + 3Hg

H. Gilmaa and R. G. Jon«a, J. Am. Chem. Soe., 62, 2353, 2355 (1040) i$

In

cu 111-2321

Indium chloride is produced when indium mixed with sugar carbon

is heated in a current of chlorine.

In + Clf ^ InClt

Shin’iohird Hakomori, J, Am. Cbem. 8oc., 62, 2373 (1030) j

In

CI9 lU-2322

Anhydrous indium trichloride is prepared by passing a stream of dry

chlorine diluted with dry carbon dioxide over pieces of 99.98% pure

indium metal heated just below its melting point. An apparently

stepwise reaction yields lustrous plates of the trichloride.

(3CU + 21a-*2Inai)

T. Moeller, J. Am. Chem. Soe., 63, 1206 (1941) $

In

HCi in-2323

Hydrochloric acid acts on indium with the formation of indium

trichloride.

2In + 6HC1 2Iiia* + {3H,)

L. F. Nileon and 0. Pettenson, K. Sven. Vet. Ak. Handl. Bih. 14, 11, No. 6, 5

(1888)
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III-2324

t.1 -J nassed over hot indium in the absence

Drv hydrogen chloride when pas^ «

?uir and moUture gives indium d.chlonde.

In 4- 2HC1 InCU + H,

, . O. Pat«»op. K. Sven. V.t- Aic. Handl. Bih./U/lI. Ko. «, 8

L. F- NilMD and 0. P«tter®oP

(1888)

m-2326
HCl

H}S04
*

^ 1 in dilute hydrochloric acid or sulfuric acid

“revol”L. -<1 ‘I” ”>

2ln + 6H+— 2In'^ + 3H,

TreadweU and HaU. Analytical ChemialTy. 5tb Ed,,

111-232$

HCIO

Indium percUorate separates in smaU crystal* "'he'*

is dissolved in dUute perchloric acid.

2In -i-
eHClO, + 16H0H -^ 2In(a04)»‘ 8Ht0 + (3H0

r. C. Msthcrt and C. 0. 8chluederbefg» J. Am. Chcm. Soc., 80» 212 <l^)^ ^

m-2327
HNOi

KH4OH
HiSOi

Indium sulfate is formed when the product produced by dissolving

indium in nitric acid is precipitated with ammonium hydroxide

and sulfuric acid added.

(a) 2In + 6HN0, (2In(N0,)* + 3H0

(b) In(NO>). + 3NH,0H -• Id(OH)i + (3NH.N0j)

(c) 2In(0H>j + 3H,S04^ Inj(S04), + (6HjO)

L. M. Dennis, R. W. Work and E. G. Rochow, 1 . Am. Chem. Soc., 66, 1047 (1934)



In

HgCU m-2328

Hg(CH,)j

Mercury dimethyl and mercuric chloride produce indium trimethyl

when heated with indium at 100^ for S days.

2In + 2HgCU + 3Hg(CH,), 2In(CHi), + (4HgCI + Eg)

L. M. DeDDis, R. W. Work aad E. G. Rochow, J. Am. Cb«m. 8oc., 56^ 1047 (1934) I

Id

0,
Indium oxidizes slowly in contact with air.

ni-2329

4In + 30*^ 2Id,0,

Treadwell and Hall, Analytical Chemiatry, 5th. Ed.. 1, p. 538 99

In+++

KOH m-2380

Indium hydroxide is precipitated from solutions of In salts by

KOH (or NH4OH). The presence of tartaric acid prevents the

precipitation.

In+++ + 3K0H^ In(0H), + 3K+

T. RichUr. Compt. rend.. S4, 828 (1867) 99

InBr

HtO m-2331

Hot water will decompose indium monobromide into

bromide and indium.

indium tri-

3InBr + (H,0) InBr, + 2In

A. Thiel. Z. anorg. Cbem., 40. 280 (1904) 98

InBr,

A m-2332

At a temperature of 1330*, indium dibromide is dissociated to 66%

into indium mooobromide and bromine.

2InBr, ?± 2InBr + Bri

A. Thiel. Z. anorg. Cbem.. 40. 280 (1904)
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II1-2333

H^O
, presence of water indium monochloride decomposes, yielding

£iS« trichloride and meUlUc indium.

3InCl InOU + 2In

L, F. NiJsoo and 0. PetUrsaOB,

(18SS)

K- 8v«ii. Vet. Ak. Hendl- Bib., 14, II, No. 6, U
iO

HfO
ni-2334

In the presence of water indium dichloride decomposes, yielding

indium trichloride and metallic indium.

3InCU + H.0 -1 2InCI, + In + H,0

L. F. Nllson and 0. Petler«ea, K. Sven. Vet. Ak. Handl. Bib., 14, II. Na. 6, 8

F. C. Mather., J. A». Cbem. See.. *9, 492 (1907) ^

In

InClt
III-233B

When a mixture of indium dichloride and metallic indium is heated

indium monochloride is formed.

InCii + iQ^ 2I11CI

L. F. Nilaoa and 0. PetUwsoD, K. Sven. Vet. Ak. lUndl. Bib., 14, II, No. 6, 10

(1888)

10

InCU

BaCOs

Barium carbonate causes the precipitation

bonate, even in the cold.

III-2d36

of a basic indium car-

2InCl, + 2BaCO, + 2H,0 -« 2In(OH)CO, + (2BaClt + 2HC1)

Treadwell and Hnll, Anslyticnl Chemistry, 5tb- Ed., 1» 539 9$



InClj

II1-2337

HsS in oeutral or acetic acid solutions gives a yellow precipitate of

lUiSi, which will not form, except on dilution, in the presence of

mineral acids.

2In*HH- + 3H^ IntS> +
Treadwell and Hall, Analytical Chemistry, Stb ed., 1, 539 $$

InCU
KIOj m-2S38

Indium iodate precipitates when solutions containing equivalent

quantities of indium chloride and potassium iodate are mixed.

InClj + 3KI0i In(I0i)a + 3KC1.

F. C. Mathers and C. G. Schluederberg, J. Am. Cbem. Soc., $0, 212 (1908) /

InCIi

KOH ni-2339

In the absence of tartaric acid, the alkali hydroxides precipitate

white, gelatinous indium hydroxide resembling aluminum hydroxide

in appearance.

InCl, + 3KOH ln(OH)a + (3KC1)

Treadwell and HalJ, Analytical ChemisWy, 5th. Ed., 1, 538 $S

InCli

E2Cr04 m-2340

Potassium chromate produces a yellow precipitate with indium salts,

while KiCrtO? does not form any.

3K:CrO, + 2InClt Ini(Cf04)t + (6KCT)

Treadwell and Hall, Analytical Chemistry, 5th ed,, 1, 839 9S



indium

InCU

6fi3

lll<2d41

^ve a .hi. pre^ipitate .ith K,Fe(CN,., .nd no.e

«ra’+ 3K.Fe(CN).-^In4Fe(CNli. 4- (.2Ka,

Treadwell and Hall. Analytical Ch.-a-t^j *d-. i;
99

III-2342

MgO

.) ffr..<tion and analytical studies show that addition of

m oxide to an indium salt solution produces a precipitate of

w “f" -ndium hydroxide rather than magnesium indate as claimed

(1900; 36. 43^ (1903)).

2InCI, + 3MgO + 3HfO -» 21n(OH)a + 3MgCl,

T. Moeller and J. G- Sehniileio, J. Phya. Chem.. 61, 771 (IMO ’

InCIi
III-2343

(KH.),CO»

Indium carbonate is precipitated by the addition of alkali carbonates

to a solution of an indium salt. It dbaolves in cold excess ammonium

carbonate, but reprecipitates on boiling.

2InCli + 3(NH,)«COj -* lni(CO>)> + (6NH,Cl)

Treadwell and HaU, Analytical Chemiatry. 6th. Ed., 1, 639

InCl,

NaOH
.

The precipitated oxide of indium consists of the hydrous trihydrate.

2InCI, + 6NaOH + aq. ^ Int0r3H»0-aq. + 6NaCI

A. B. Weiser and W. 0. MiUigan, J. Phya. Chem., 42, 677 (1938) 86



NaOH
InClt

I1I-2345

Indium hydroxide is precipitated by the addition of sodium hydroxide
in excess.

InCi, + 3NaOH ln(OH)> + (3NaCl)

Hoffman, B. S. J. R«s., IS, 671 (1934) a*

InGi
NasCjO^ in-2346

Sodium oxalate gives a white, crystalline precipitate of indium oxalate
with indium salts,

2InCU + 3Na,C,0, IntCCtOQt + (6NaCl)

Treadwell and Hall, Analytical Chemistry, 5th ed., 1, 539 $$

IqCIi

NatHP04 III-2347

Indium salts with NajHPOi give a white voluminous precipitate.

SInClj + SNaiHPO* lo>(HP00a + (6NaCI)

Treadwell and Hall, Analytical Chemistry, 5tb ed., 1, 589 95

InCli

NdsSsOi in-2348

Neutral aqueous solution of indium salts (chloride) are not precipi-

tated by sodium hyposulfites in the cold but boiling causes the

incomplete precipitation of indium sulfide. This is probably due to

the decomposition of indium byposulfite. Acidified solutions of

indium salts do not precipitate with sodium hyposulfites.

(a) 2InCU + 3Na,S,04^ In,(Ss04)i + CNaCl

(b) InjCSjOOe + 3Na,S,04 In,Si + 3Na,S04 + 6SO,

0. Bninck, Ann., 336, 281 (1904) so



INDIUM

InCli
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m-2349

'"“’'sSum selenite precipitates from indium eUoride solution amor-

pSis, slimy 3:3:22 hydrated basic indium selenite.

SlnClj + + (IPt(Se0,),)) an(0H>.)»22(H,0)

L. F. Nilson. Nov. AcU. Soc. Upp»1. 13I»:T. 100 (1874)_
JO

Zn

IdCU
111-2360

Zinc metal precipitates indium from indium sidts in the form of white,

lustrous flakes,

+ 32^^^ + 3ZnCl.

Tre«lw«ll and Hall. An.lytid Chemistry, 5lh ed., 1. 539 »S

A

In(a0*)4*8H,0
m-2361

HNO,

Indium oxide ie formed when indium perchlorate is heated until

decomposed and the resulting product converted into the nitrate

by evaporating with nitric acid, and the resulting nitrate ignited.

(a) In{C104),-8H,0 (Ina, + 60, H- 8H,0)

(b) InCl, -h 3HNO, Id{NO,)i + (3HCI)

(c) 2In(NOi)» H- A — IniO$ + 3N,0i

F. C. Mfttbsrt and C. 0. Schlucderberg, J. Am. Cbem. Soc., SO, 212 (1908)

IqFi
1II-2362

By heating indium fluoride gently in a stream of hydrogen, indium

is formed.

2InF, + 3H, m H- 3H,F,

A. Tbie!, Z. anorg. Cbem., 40, 2S0 (1904) S8



HsO UI-2363

By boiling a solution of indium fluoride, indium trioxide is formed.

2InFi + 3H*0 IrnOi + 6HF

A. Thiel, Z. &norg. Cbem., 40, 280 (1904) S8

Ia(N0.),
NaHSO, m-Z364

An insoluble basic sulfite is formed when a nearly neutral solution of

indium salt is boiled with an excess of NaHSO^.

4In(N0))i + 4NaHSOi + lOHtO
ln,(SO,), 21n(0H)r5H,0 + (4NaNOi + SO, + 8HN0,)

Hiilebrand and Luadell, Applied Inorgaoic Chemistry, p. 380 9S

Id(OH)i

H 2SO 4 in-2365

An indium sulfate solution is formed when a sUgbt excess of sulfuric

acid is added to a suspension of indium hydroxide.

2In(OH), + 3H,S04^ IniCSOi), + 6H,0

R. P. Seward, J. Am. Chem. Soc., M, 2740 (1933) /

]n(OH)i

H,Se04 ni-2366

Indium selenate is formed when indium hydroxide dissolves in selenic

acid.

2In(OH), + SHtSeO* + 4H,0 IniCSeOi), lOHtO

F. C. Mathers and C. G. Schluederberg, J. Am. Cbem. Soe., SO, 214 (1908) i



INDIUM

In(OH)i

667

ni-2367

NaOH
(NH.).CO,

Hi«olves in an excess of sodium or potassium

b«.™ torW

itated by boiling with ammoD.um carbonate.

(a) In(OH). + 3NaOH (Na.lnO, + 3H,0)

(b) 2Na.InO, + 3(NH0.C^+ 6H.0
^ {3Na,C0, + 6NH.0H)

Tresd«Il «d HslI, An.lyti«l
‘l

OS

InA
111-2366

Heating indium trioxide with carbon reduces the oxide to the metal.

2In,0, + 3C - 41n + <3C0,)

Tretdwell snd Hall, An.lytical ChemisUy. 5th. Ed., 1. 838
OS

Cla

1II-2369

The heating of an intimately ground mixture of pure indium oxide

and excess charcoal in a stream of dry chlorine and nitrogen will yield

anhydrous indium trichloride.

(2Ini0t + 6CU 41nCU + 30j)

T, Moeller, J. Am. Chem. 8oe., 68, 1206 (1941)
^

cu

IDsOi
111-2360

By passing a current of chlorine over the heated oxide of indium,

indium trichloride, which is very hygroscopic, is obtained.

2In,0, + 6Cli^ 4Ina, + 30t

T. Richter, Compt. rend., 84, 828 (1867)



HCl 111-2361

The ignited oxide dissolves slowly in cold acids, but readily in hot,

dilute acids.

lojOj + 6HCI (2IdCU + 3HjO)

Treadwell and Hall, Analytical Chemiatry, Sth. Ed., 1, 538 $$

loeOt
HF 111-2362

By heating indium oxide gently with hydrofluoric acid, crystals of

trihydrated indium fluoride are formed.

In,0, + 6HF -f 3H,0^ 2(lnFe 3H>0)

A. Thie), Z. anorg. Cben., 40, 280 <ld04) gs

IntOt

H} m-2363

Indium is obtained by reducing the dried oxide with hydrogen in a

porcelain crucible.

IniOj + 3Ht 2In + 3HtO

T. Richter, Compt. rend., 64, 82$ (1867) $$

99

laiOt

Mg m-2d64

Magnesium reduces indium oxide with great violence when heated

t<^ether in a current of hydrogen.

IntOa + 3Mg 2In H- 3MgO

H. F. KeUer, J. Am. Chem. See., 16, $39 (1894) i



INDIUM
669

ln«0> UI-2366

A solution of indi^ oxide

small quantity of sodium citrate can be electroi»*ea y

indium at the cathode.

U) ln,0, + 3H.SO. - ri..(SO.). + 3H.0

(b) Sin,(SO,), + 6H,0 ^ 4Id + 30, + 6H,S0,

L. R. Westbrook, C»n. Chem. A Met., 19.^
248 (1930)

15

A

Iii«S
m-2366

On heating indium monosulfide in air, indium trioxide is formed.

IniS + 60 - IntOt + SOt

A, Thial, Z. aaorg, Chem., 40, 2fi0 (1904)
g3

H

In«S)
1II-2367

By heating indium trisulfide in a stream of hydrogen, black colored

indium monosulfide is formed.

iDtS, + 4H -* In^ + 2H,S

A. Thiel, Z. anorg, Cham,, 40, 280 (1904)

CjH^OH

In,(S0<)i
111-2368

A basic indium sulfate is formed when alcohol U added to a solution

of indium sulfate.

In*(S04)i H- 2C*HiOH + 5H>0 lo«0(S04)t SHtO + (C,H4)2S04

R. P. Seward, J. Am. Chem. Soc., 66, 2742 (1983)



IDi(S04)s

H 2$ m-2369

When hydrogen sulfide is passed into a dilute, weak acid (e.g., acetic

acid) solution of indium sulfate, a yellow precipitate of indium sesqui-

sulfide is thrown do^vn.

Idj(SO0i + 3H,S ID^ + SHiSO*

T. Richter. Compt. rend., 64, S2S (1S67)

In,(SCO*
HtSOi III-2370

Indium acid sulfate crystallises when an excess of sulfuric acid is

added to a solution of indium sulfate.

In,(SOi), + HtSO^ + 7H,0 ^In,(SO,), H,SO, 7H,0

R. P. Seward. J. Am. Chem. Soc., 6$. 2740 (1933) /

iDtfSOi),

NH4OH m-2371

Indium hydroxide, precipitated from indium sulfate solution by

ammonia, is converted into the oxide by ignition.

(a) IniCSO*), + fiNHiOH ^ 2In(OH)i + 3(NH0 jSO 4

(b) 2In(OH),^ ln,0, + {3H,0)

R. P. Seward, J. Am. Cbem. Soc.. 66, 2740 (1933) ;

In,(S04),

NajCjO* III-2372

Indium sulfate solution reacts w*ith a solution of sodium oxalate to

precipitate octahedral crystals according to equation (a). Potassium

and ammonium oxalate react similarly.

(a) In,{S04)i + 4Na,C|04 + 6H,0
^ 2Na(In(C,04),(H,0),l-H,0 + SNa^O*)

(b) Ini(S04)i + 4K,C,04 + 6H,0
-2K[In(Crf)4),(H,0),] H,0 + 3K,S04

(c) In,(S04)j + 4(NH4)*C,04 + 6HiO
^ 2NH4lIn(C,04),(Ht0),l H,0 + SCNHOsSO*

T. Moeller, J. Aid. Chem. 80c.. $2, 2444 (1940) 3



IODINE

In,(SeO4)«10H,O

671

III-2373

CsjSeO

In,(SeO.),-10H,O + Cs,SeO, - 2C8ln(8eO.).10H,O

F. c. Mother, «.d C G. Schlu«d.rb.rg, J- A». *0. 2>5 (1908)
^ ^ _

lIn.(Se0,),l.lI»(OH)J,-22(H,0)
III-2374

SeOa

H,0
iru -i.Q '22 Kvdrated basic indium selenite is digested with

^lenium dioxide in water at 60" hexa-hydrat^d normal indium selen.te

is formed as a crystalline powder.

IMS.O.,,1,
«H.O) + ^ ,„.o

L. F. NiUoa, Nov. Acta. Soo. Upp«l. 13|, Vol. 9, No. 7. 100 (1874)
^ ^

,

10

inniKF

AgjO

AgtHjIO*
1II-2376

HNO,

A hot dilute aqueous solution of secondary silver paraperiodate is

treated with silver oxide. The solution is filtered and allowed to cool.

A black crystalline powder precipitates. This Usilver mesopenodate.

(a) Ag,0 + 2HNO, 2AgNO, + H.O

(b) Ag,H»IO. + AgNO» -* AgilO. + HNO, + HiO

A. Rosenheim and 0. Liebknecht, Ana., SOS. 67 (1899)

(H:0)

AgjHsIOi
in-2376

Silver periodate heated in aqueous solution decomposes to form

secondary silver mesoperiodate and wato.

AgtHalOs Ag*HI0$ + HjO

A. Rosonheim and 0. Liebkaecht, Ann., 308, 65 (1899)
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Ba(IO,),

HjSO^ 1II-2377

Barium iodate (prepared by reacting iodine with potassium chlorate

and double decomposition of the potassium iodate with baryta) reacts

with sulfuric acid to form iodic acid. The iodic acid thus obtained

however, contains various reaction impurities, but may be purified by
crystallization from nitric acid.

Ba(IO,), + H3O 4 BaS04 + 2HIO*

M. Guicbard, Compt. rend., 148, 923 (1909) 58
A. B. Lamb, W. C. Bray and W. J. Oddard, J. Am. Cbem. Soe., 42, 1638 (1020) ip

CHI,
AgCl ni-2S7S

On beating gently and stirring to assure contact between reactants

silver chloride and iodoform will react to produce silver iodide and

chloroform. The iodoform is dissolved in a little alcohol.

3AgCl + CHI,-^3AgI + CHCI,

Oechaosr de Coninck, Bull. aoc. chim. (Prance), [(4)1, 6, 63 (1909) St

CHI,

O, m-2379

The oxidation of iodoform by oxygen is accelerated by sunlight.

4CHI, + 60, — 61, + 4CO, + 2H,0

N. Dhar, J. Chem. Soc. (London), 111, 756 (1907) 57

CH,1
(CH,)4Fe(CN)4 m-2380

Tetramethyl ferrocyanide combines with methyl iodide at lOO^C to

form bexamethyl ferrocyanogen iodide.

2CH,I + (CH,)4Fe(CN),^ l(CH,)Je(CN),lI,

E. G. J. Hartley, J. Cbem. Soc. (London), 106, 1304 (1916) 67



IODINE

CH,I

67S

in-2381

A b^r^buret method of gasana.yeis U based on thefollowing equation.

2CHaI + 2Zn + 2H*0 ^ Znit + Zii(OH), + 2CH4

H. S. Booth »nd N. C. Jon«. Ed., 2» 237 (1930)

CNI

HCl
111-2382

When concentrated hydrochloric acid i8 reacted with cyanogen iodide

at a temperature between 20-30", hydrocyanic acid and lodme mono-

chloride are formed.

CNI + HCl HCN + ICI

F. D, Chattaway and J. M. Wadmar*. J. Cham. Soc. (London). 81, 198 (1902)
^

tos

111-2383

When a solution of cyanogen iodide is treated with hydrogen iodide,

hydrocyanic acid and iodine are formed.

CNI -f HI HCN + I,

F. D. Cbsttoway and J. M. Wadmore, J. Cham. Soc. (London), 81, 198 (1902) JOt

KOH
CNI

ni-2384

(a) When a solution of cyanogen iodide is treated with potassium

hydroxide, potassium cyanide, potassium hypoiodite and water we

formed- (b) Part of the potassium hypoiodite escapes reduction by

the potassium cyanide formed, however, some produces potassium

cyanate and potassium iodide.

(a) CNI H- 2KOH KCN + KOI + HjO

(b) KCN + KOI ^ KCNO + KI

F- D. Chattaway and'J. M. Wadmore, J. Chem. Soc. (U^ndoo), 81, 190 (1902) IOS
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C,HJ
AgNOa ni-2386

The double decomposition of ethyl iodide and silver nitrite ^vi)l

yield silver iodide and ethyl nitrite.

CtHsl + AgNOi^Agl + CjHiNOt

V. Chimioello, Ga2s, cMcn. ital., 36:3( 411 (1895) Bi

C,HJ
AgNOj III-238S

HgNO,

Silver nitrite reacts with ethyl iodide by metathesis. Mercurous

nitrite reacts in a similar way.

(a) AgNO, + C,HJ C,H*NO* +^
(b) HgNOi + C,Ha ^ C,HaNO, + Hgl

P. Ncogi, J. Chem. Soc. (London), iOS. 2372 (1914) S7

C,H»I

AgNOi

Ethyl iodide reacts with silver nitrate at

silver iodide and ethyl nitrate:

1II-2387

0^ temperature to yield

CiHJ + AgNOi ^ + CtH^NOj

V- ChimineU©, Ga*s- chini. iU)., 26^ 416 (1895)

AgtSO^

C,HJ
in-238d

Under ordinary conditions the double decomposition of ethyl iodide

and silver sulfate yield silver iodide and ethyl sulfate.

2C,HJ + Ag^04-^2^ + (CiHOtSOi

V. CbunincUOl Gass. chim. ital.i 26*, 411 (1895)



IODINE

C,HJ

075

III-2389

CHjCOONa
sodium acetate will

The double decompositiOD of ethyl loaiue auu

rive sodium iodide and ethyl aceUte.

C,H,I + CHtCOONa - Nal + C.H.COOCH,
iSi

V. Chiminello, Gai»- chim. S8*. l'_89Sl

ni-2390

CH OH
‘under ordinary conditions ethyl iodide and methyl alcohol will give

methyl iodide and ethyl alcohol.

CjHsI + CH.OH -* CH.I + CjH.OH

V, Chiminfllo. G.i<. chim. Hal.. f

'

III.2391

CH ONa

‘ihe doable decomposition of ethyl iodide and sodium methylate is

very rapid as represented below:

CtHjl + CH»ONa-*NaI + CjHjOCHi

V. Chiminello. Ga«. cWm. iul.. 2S\ 411 (1805)

111-2392
KCN

The double decomposition at ordinary temperature of ethyl iodide

and potassium cyanide yields potassium iodide and ethyl cyanide.

C,HJ + KCN KI + C,H,CN

V. Chiminello, Oa«. chim. lUl., 86*, 411 (1895)

CtHJ
s

III-2393
N(CjHi) a

Ethyl iodide dissolved in bensyl alcohol reacts vigorously ^nth

triethylamine.

CiHJ + N(CtH*)t-*N(C,H,),I

N. Mcnachutkin, Z. phj'Sik. Chetn.. 6, 41 (1890)
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C,HJ
Zn ni>2394

(Cu)

If allyI iodide be heated for two hours in a water bath, in the presence

of a dry sine—copper couple, sine iodide is formed. Furthermore,

four fifths of the organic product are di-allyl, (a), whereas the other

one fifth seems to be an isomeric or polymeric form of allylene. (b)

This latter compound seems to be formed by the reduction of the aily-

lene by some sine oxide impurities.

(a) 2C,HJ + Zn -* Znl* + C»Hio

(b) (ZnO + Zn + 2C,H4 + HtO)

J. K. Gladatone and A. Tribe, J. Cbem. Soe. (London), 27. 209 (1874) 48

(C,H40,)4 K1 1,

HCl in-2395

Couxnarin-potassium iodide-periodide is treated at moderate tempera-

tures ^ith fuming hydrochloric acid. On cooling needles of bright

green color, coumarin-hydrogen iodide-periodide, are formed.

{C,H4004 km, H- HCl ^ (C,HiOt)4 HM, -b KCI

H. Simonis, Ber., 50:2. 1137 (1917)

H,0,

Fel,
m-2396

Free iodine is produced by the action of hydrogen peroxide on ferrous

iodide.

2FeI, H- 3HtO, 2Fe(0H), + 21,

M. C. Weltxlen, Chem. News, 13. 159 (1866) toi

Ag

HI
m-2397

Silver reacts with liquid hydriodic acid with the evolution of hydrogen

and formation of silver iodide.

2HI -b 2Ag^2AgI H-H,

R. S. Norris end F. G. Cottrell, Am. Chem. J., 18, 99 (1896)



IODINE

HI

677

in-2398

FiJItllDg .
. . j-j

iodine and ammonmm iodide.

7HI + CH5C.H4S0,-NH,

Emil Fischer, Ber., 48, 03 (1915)

61 + NHJ + CH,’C.H,SH + 2H.0

£8

111-2399

“
Th. ...... »r.H

r.ss i-
of the constant-boiling acid.

CaSO* + lOHI -* Call + 4It -h 4H|0 + H,S

E. R.X:sley and M. 0. BuHord, And. ^
44

HI
111-2400

FeCU

Iodine msy be set free from hydriodic ecid by the action of ferric

chloride.

2HI + 2FeCl> -» Ii + 2FeCl> + 2HC1

Meyerhoffer, Z. pbyeik.

Ref., Morris Loch, Am.
Cbem., 2, 597 (1888)

Chem. J., U, 148 (1891)
J7

HI

FesOa

Iodine may be liberated from iodides by ferric oxide.

2HI + FejOj-^ Ij + 2FeO + H,0

F. J. Hdiinan and W. R- Thompsoo, J. Am. Ch«m. Soc., 61, 268 (1939)

111-2401

16
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HBrO: UI-2402

Under normal conditions hydriodic acid will reduce hydrobromic acid

to give hydrogen bromide^ iodine and water.

HBrOj + 6HI HBr + 31, + 3H,0

G. Oliv«ri Mandala, Gas,, ehim. iUl.» 40 108 (1910)

HCN m-2403

By passing a cunent of dry hydrogen cyanide into a flask containing

dry hydriodic acid, or by passing a current of dry hydrogen iodide

into hydrogen cyanide at 0^, a reaction takes place in which the two

compounds combine with ease, precipitating a white compound.

HI + HCN ^ HI HCN

A. Gautier. Compt. rend.. 61, 380 (186$)

Ref., H. Gal, Compt. rend.. 61, 644 (1865)

HIO, m-2404

A mixture of hydriodic acid and iodic acid solutions react slowly to

liberate iodine.

5HI + HIO, 31, + 3H,0

H. S. Taylor. J. Cbem. Soc. (London), 103. 34 (1913) 67

HIO^ m-2405

When hydrogen iodide and iodic acid react with each other, free iodine

and water are produced.

SHI + HIO,^ 31, + 3H,0

E. B. H. Prideaux, J. Chem. Soc. (London). 89. 316 (1906)

G. Magnanini, Gau. chim. ital., 80. 379 (1890)



lOIMNE

HI

679

I1I-2406

HlOs

HCl

tion with iodate.

3H! + HI0. + 3HCl-3ia + 3H,0

E. H. Swift .na R. H. Hoepp.1, J- Am. Ch*m. 8«.,
16

HI
1II-2407

HNO,
. .

Iodine may be liberated from iodides by nitrites.

2HI + 2HNOi— Ii + 2NO + 2H.0

F J. HaUinaa aad W. R, Thompma. J. Am. Cl«m. 80c.,
«J

*88_(1939)^
16

HI

HNO,

The reaction between iodide and nitrous acid occurs

I1I-2408

only in acid

medium.

C. A, Abeledo and

HI + HNOi H,0 + NO + il*

. M. Kollhnffr J. Am. Chem. Soc., W» 2893 (1931) 16

HI
111-2408

HN,

When cone, hydriodic acid (sp. g- 1.5) is mi^ with a 1% solution

triawic acid, iodine and nitrogen are evolved.

of

2HI + HN|-»

A. W. Browne ind A. G. Hoel, J. Am.

NH, + N, + I*

Chem- Soc., 44, 2116 (1922) 16
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HsOj III-2410

Hydrogen peroxide added to an acid iodide solution is at first reduced
(a). Conversely when hydrogen peroxide is added to an aqueous
iodine solution it is oxidixed (b), so that the only measurable reaction
(c) is the sum of (a) and (b).

(a) 2HI + HtO,^ I, + 2HiO
(b) U + + Oi
(c) 2H,0,^2H,0 + Oi

H. A. Liebhafaky, J. Am. Chem. Soc., W, 2369 (1934) H

MnO, 111^2411

Iodine xnay be liberated from iodides by manganese dioxide.

2HI + MnO,^ I, + MnO + HjO

F. J. H&UinftQ and W. R. Tbompaen, J. Am. Cham. Soc., $1, 26$ (1939) tS

IU-2412

Hydriodic acid reacts with oxygen to produce water and free iodine.

4HI + 0,^ 2H,0 + 2Ij

C. Weltzien, Chem. News, 13» 160 (1866)

m-2413

The oxidation of hydriodic acid by oxygen is accelerated by sunlight.

4HI + 0,^ 2H,0 + 21,

N. Dhar, J. Cbam. Soc. (London), 111, 7S6 (1917)



IODINE

III-2414

When eulfur dioxide is passed into

^
aqueous solution of hydriodic

acid sulfur is deposited together with iodine.

SO, + 4HI ^ S + 2H,0 + 41

j. volhard, Ann., 242. 105 (1887)

in.2416

o'Amino

j-Y-dihydroxy butyric acid

^
^^rnino 5-7-dihydroxy Ti-butyric acid, hydriodic acid

butyric acid is formed.

CH,OHCHOHCHNH. COOH +_*“
+/6.H.NH.COOH + 2H,0

B. Kl«k sad W. Diebold, Z. pbyaol. Ch«ia-, 26 (19S1)

HI HCN
111-241$

Water decomposes the hydrogen iodide-hydrogen cyanide compound,

forming hydrogen iodide and ammonium formate.

HI • HCN + 2H,0 -HU- HCOONH,

H, Gal, Compt. rend., 61, $44 (1865)

HI HCN
in-2417

KOH
If potassium hydroxide in absolute alcohol is passed into the cooled

alcoholic solution of the hydrogen iodide-hydrogen cyanide com-

pound, potassium iodide precipitates immediately.

HI-HCN -I- KOH ^^ -I- NHjCOH

A. Gautier, Compt. read., 61, 381 (1865)
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HIO,
SOi III-2418

lodous acid is reduced by sulfur dioxide.

HIO, + SO*^ HIO + SO,

K. Laodolt, Sitsber, Akad. Bodio., 249, (1885) 2$

HIO,
CO in.2419

At a temperature of 150^0, carbon monoxide is oxidized to carbon
dioxide by iodic acid.

2HI0, + 5C0 -4 I, + 5C0, + H:0

A. H. Gill and E. H. Bartlatt, J, lad. Eo^. Ch«m., 2, 9 (1910) H

HIO,
HCl III-2420

Iodic acid is reduced by hydrochloric when a solution containing the

two substances is evaporated.

2HIO, + lOHCl I, + 5CI, + eHtO

A. B. Lamb, W. C. Bray, and W, Geldard, J. Am. Chem. Soc., 42, 1640 (1020)

Ref., Sodini, Ber., 9, 1126 (1876) /

le

HIO,

HI m-2421

The equilibrium of the reaction given below is determined by EMF
measurements.

HIO, + 5HI?±3I, + 3H,0

R. Luther and Q. V. Samuet, Z. Elektrochem., 11, 293 (1905)

HIO,

H,C*04 m-2428

Iodine is obtained when oxalic acid reacts with iodic acid.

2HIO, + 5H,C,04 I* + lOCO* + 6H,0

L. Roaentbaler, Z. anal. Cbem., 61, 221 (1922) ts



IODINE

HlOf

CSS

1II-2423

H,C,0. 2H5O

Mi. ..a « ««“« *“' “* " ‘

to give carbon dioxide and jodme.

2HIO, + 5H,C,O*-^10COt + 6H.O-M:

L. Dehourdeaux, Ann. chim. •“***, •. -

HIO*

H,0,

Hydrogen peroxide reduces iodic acid to free iodine,

5H,Oi + 2HI0. -* 50i + I« + 6HtO

W. C, Br»y, j. Am. Ch.m. Soc.,

111-2424

111-2426

j nf n series of simultaneous reactions, which

A kinetic study IS made
_ ^ .the“LandoltResction”;

proceed with various rates and are known as

HIO. + SHrSOj^ HI -I- 3H,S04

HIOj + 5HI ^ 3Ii + 3H»0

I, -I- H30, + H,0 2HI -I- HiSO.-

J. Effiert, Z. Elekttochem,, 88, 8 (1917)

(a)

(b)

(C) 86

HsSOi
ni-2426

r mixture of 60 g. powdered iodic acid and 200 g. concentrated

fulSridt hLUor about 1(^15 minut«. The product is kept

over sulfuric acid for ^ days. Iodine dioxide separates as

yellow crystalline crust.

4H10j 21*04 + 2HiO + Ot

M. M: P, Muir, J. Chcm. Soc. (London),

Ref.. J. L- Howe, J. Am. Chem. Soc., 81, 1293 (1909)

57

I
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HIO,
NjHiHjSO* III-2427

A solution of iodic acid is added drop by drop to a solution of hydra-
sine sulfate. The reduction yields hydriodic acid immediately.

(a) 4HIO, -h 5(N,Hi • HSOa) 5Nt + 12H,0 + 5H^Oi + 41

(b) 41 -h N,H4 4HI + Nt

M. Schlatter, Z. aoorg. Chem., 38, 184 (1904)

HlOe
NdsSsOi m-242S

Iodine is liberated when sodium thiosulfate is titrated with an excess

of iodic acid.

(a) 6Na,SjOi H- 6HI0,-»3Na,S40e + SNalOi + Nal + 3HaO

(b) 5NaI + 6HI0, SNalOi + 3H,0 + 31,

C. P. Walker, Am. J. 8ei., ISi, 236

Ref., ibid, J. Am. Cbem. Soc., 19
, 160 (1897) I

HIO4

CH, CHOH CHOH CH, ni-2430

2, 3-butylene glycol may be estimated by periodic acid accordii^ to

the following reactions.

(a) CH* CHOH CHOH* CH, + HIO,

2CH,CHO + HIO, + H,0

(b) 2CH,CHO + 2NH,OHHCl
-2CH,CH:NOH + 2H,0 + 2HCI

M. C. Brockmann and C. H. Werkman, Anal. Ed., 6, 206 (1933) 44
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III-2431

CSiCOi

piod. acid U neut.li.ed with cesiu. caebun^te to p.pa. ceeiuut

2HIO. + Ce,CO, - 2CeIO. + (H.O + CO,).

cimL-ndon), BS, 17 (.908)
67

106

I1I-2432

HCl

Periodic acid oxidixes hydrochloric acid to chlorine.

2HC1 + HIO4 Cl, + HIO, + H,0

H. H. WUlard aod L. H. Gr«tho«e, J. An,. Chem, 8«.._89. 23n^ (1917)
[

HIO,
ni-2433

H,SO

Periodic acid in varying proportions, oxidises sulfurous acid.

(a) HIO, + 4H,SO, HI + 4H,SO. {equivalent quantities)

(b) HIO, + HtSO, ^ HIO, + H,SO, (excess of HIO.)

Sclmous. Ber„ 21, 230 (1888)
68

NH4OH

HI04
111-2434

When pericKlic acid is neutraliaed with aqueous ammonia, ammonium

periodate precipitates.

HIO4 + NH4OH^ NH4IO4 + (H*0 )

T. V. Barker, J. Chem. Soc. (London), 48, 17 (1908)
$7

106
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HOI
(NaOI) III-2436

Hypoiodites in presence of h3
rpoiodous acid are converted to iodate

and hydriodic acid. Thia action is accelerated by increase of

temperature and concentration.

2HOI + (NaOI) (NalO,) + 2HI

H. S. Taylor
»
J. Chem. Soe. (Ixiodon)* 103. 32 (1813) 67

H,I,0,

I1N2436

A solution of iodic acid electrolysed between platinum electrodes at a

potential of less than 0.8 volts dejiosits iodine on the cathode.

5H, + H,I,0a^It + 6H,0

0. J. Heed, Trans. Am. Eleetrochem. Soc., 1, 78 (1902)

BaO: Ul-2437

When barium peroxide and excess iodine are ground together until

the mixture is black, and then heated in a retort, barium iodide and

iodine pentoxide are obtained.

5BaOt + — 2IsO( + 5Balj

Sementini, Ann., 4, 170 (1832)

CH.COCHO m-24S6

Iodine dissolved in potassium iodide will react with methyl glyoxal

yielding sodium oxalate and iodoform.

41, + CHsCOCHO + 7NaOH
^ Na,C,04 + CHI, + 5NaI + 5H,0

F. Fiflchler and R. Boettner, 74, 30 (1928)
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I I1I-2439

CaH^O

KBr

3 o.—. a

bromide are completely dmsoWe - » ^

periodide.

^ ^ ,C.H.O,

-

H- Simon ia, Ber., W;a,.ll37

SS

^ 111-2440

C,HiO«

same type reaction occur* with sodium .od.de,

(.) 81 + KI + 4C.H.0. + ^ (C.H/).). KM. + H,0

(b) 31 + Nal + 4C.H.0,— <C.H.O*). Nal l.

H. Simonia, Ber, W:2, U37 <1917>

I
II1-2441

CiH^Oi

Lil

3 gram* of coumarin are diseolved in i liter
which

ob-

tains lithium iodide. To this solution is added a solution of 3 gram

S mSTiO p.™ .t lithta Wld,. 0. Wing “

bath) a dark colored liquid is formed from which on

colored needle* of c‘>“'"arin-lithium iodid^per.od^e are obt«ne^

The same type reaction occurs with rubidium iodide and cesium

iodide.

(a)
ai 4. T.iT + 4C.H.O.^ (C.H.Oi)4-LiI j.

(b) 31 + RhI + 4C.H.0t + H,0 - (C,H.0»)« RbI Ia H»0

(c) 31 + Csl + 4C,H,0, + H,0 ^ (C.HiO,).-CgM.-H,0

H. Simonia, Ber., 50:9, 1137 (1917)
28



688 ENCYCLOPEDIA OF CHEMICAL REACTIONS

I

El

C10H9O3

in-2442

A solution ol iodine in potassium iodide is added to a solution of

3-methylcoumarin in alcohol. Spinach-green needles of ^-methyl'
coumarin-potassium iodide-periodide are obtained. The same type
reaction occurs with 4J«dimetbylcoumarin.

31 + KI -h 4Ci«Hi0i + H,0 ^ (C»HtO,)rKMi H>0

H. Slmonis, Ber., 60:2, 1137 {1917} gs

I

III-2443

By fusing together iodine with calcium iodide whereby an excess of

iodine is necessary, calcium hexaiodide, calcium octaiodide, and
calcium decaiodide in form of a crystalline mass are obtained. The
same type reaction occurs with barium iodide and strontium iodide

yielding the same classes of iodides.

(») Cal, + 41 ^ Cal,

(b) Cal, + 61 - Cal,

(c) Cal, + 81 -* Cal,,

J. Meyer, Z. aoorg. Chem., 30, 113 (1902) £8

I

Cals ni-2444

Bal,

Sris

Mix powdered iodine mth powdered calcium iodide. Heat to 70-80*’.

The mass liquefies. During the coolii^ period a crystalline mass of

calcium tetraiodide is formed. The same type reaction occurs with

barium and strontium iodides.

(a) 21 + CaIt-»Cal4

(b) 21 + Ball ^ Bal4

(c) 21 + Srit Srl4

J. Meyer, Z. anorg. Chem., 30, 113 (1902) £S



IODINE

I

6S0

II1.2446

BiS

If A hydrogen sulfide solution is

sulfur and hydriodic acid.

H,S + I

titrated with iodine the producU are

, S + 2HI

A. R. Jayson and R. E. 0«per» Ind. Eng. Chem., d75
SS

in-2446

Hydriodic acid U formed when iodine and wato

and 50% hypophoephorous acid added porUonwise. The HI

distilled off as a constant boiling mixture.

(I, + H,PO, + H,0 -» 2HI + H,PO>)

B. P- Clark, Anal. Ed.. 10. 677 (1988)
Ui

m-2447

When iodine is heated in a tube with air or oxygen to a high tempera-

ture, iodine pentoxide is obtained.

41 + 60,^ 2I,0»

Ssmanlioii Ada., 4, 170 (1832)
go

Iodine oxidises rubidium thiosulfate to the tetrathionate.

A similar reaction occurs ^ith cesium thiosulfate.

(a) 2Rb^,0, + U-* Rb,S40e + (2RbI)

(b) 2Cs,S,0, + It CstS^Oi + (2CsI)

III-2448

Mtyer and Ending, Bar., 40, 1351 (1907)

Ref., J. E. MacKeniie and H. Manball, J. Chem. Soc- (London), 93, 1730 (1908) 57
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I

3-iutropbeoyl acetic acid 111-2449

p-Nitrophenyl acetic acid was iodised in the 2 position by dissolving

in glaci^ acetic acid, adding iodine and concentrated nitric acid drop-

wise during refluxing until there was no further evolution of oxides of

nitrogen or evidence of iodine vapors.

I, + NO,C,HiCH,COOH ^ HI + NO,C«H,ICHtCOOH

G. Feaslty, et. al., J. An. Phann. Asm., SO, 41 (1941) Hi

IBr
111-2450

The electrolysis of iodine bromide in aqueous solution containing

starch sho^vs that the iodine goes to the cathode.

IBr 1+ + Br

de la Rive, Pbil. Mag. ((2)|, 3, 145 (152$)

Rer., R. H. Clark and H. R. L. Straight, Trans. Roy. 8oe. (Canada) IIIII, 92, 325

(1925)

ICN
HCl ni-2451

The action of hydrogen halides on iodocyanogen shows that the iodine

is chemically positive.

ICN + Ha-^HCN + ICI

F. D. Cbattaway and J. M. Wadnore, J. Chem. Soe. (London), 81, 195 (1902)

Ref., R. H. (Tlark and H. R. L. Straight, Trans. Roy. Soc. (Canada) (III), 93, 77

(1929)

ICN
ni-2452

Iodine cyanide decomposes in the presence of an excess of hydiiodic

acid to form iodine and hydr<^en cyanide.

1CN + HI^Ii + HCN

K. Seubert and W. PoUard, Ber., 93, 1062 (1890)

Ref., L. H. F., J, Am. Chem. Soc., 19, 225 (1890) 1



IODINE

ICN
in-2463

HsO

S:S”;.on .b..g. .. iodio ..id „d t,«

(5IC1 + 3H,0-5HC1 + 2I, + HI0.)

(loas)

69

ICN
111-2464

KOH
On boiling with potash, iodocyanogen forma potassium iodate,

, ICN + 2KOH -» KCN + KOI + H,0

(b)
3KOI -• KlOi + 2KI

'J:K mil,n .23

69

(1928)

t

ICN
III-2465

In the electrolysis of iodocyanogen between silver electrodes, the

iodine travels to the anode, except in pyridine solution, when it goes

to the cathode. Iodocyanogen thus behaves as an electromer.

+ - - +
ICN^ ICN ICN

E- H. Clark and H- R- I- Straight, Trana. Boy. Soc. (Canada) (IIII, 328

(1928)

ICl

AgCN

Iodine monochloride reacts vigorously with silver cyanide.

II1-246S

ICl + AgCN ^ A^l + ICN

J. Cornog, H. W. Horrabin and R. A. Kac^es, J. Am. Cbem. Soo., 60, 430 (1938) 16
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ICl

AgCHS IU-2467

With silver thiocyaoate, iodine monochloride forme iodine trithio*

cyanate.

3ICi + 3AgCNS ^3AgCl + I(CNS), + I,

J. Comog, H. W. Hombin ftnd R. A. E&rges, J. Am. Cbem. Soc., 60, 430 (1938) 1$

ICl

AgCl in-2i68

t

Faraday electrolysed anhydrous iodine chloride in molten silver

chloride and found iodine and silver at the cathode.

(la + AgCl 1+ + Ar + Clf)

Faraday, ''Ostwald's Klassiker,” 86, 43

Ref., R. H. Gark and H. R. L. Streigbt, Trana. Roy. Soe. (Canada) [III], 32, 323

(1928) 69

la
CHtNH, m-2469

After a considerable quantity ot iodine monochloride has been added

to methyl amine, a yelloNv precipitate of methyMiiodoamine is

formed.

2IC1 + CH|NH» CHiNli + 2HCI

K. J. P. Orton and W. L. Blackman, J. Cbem, 8oc. (London), 77, 833 (1900) lOi

ICl

Cd(CN), m-2460

Iodine monochloride reacts vigorously with cadmium cyanide.

2ia + Cd(CN), -* Cda* + 2ICN

J. Comog, H. W. HoTTabLD, and R. A. Kargea, J. Am. Cbem. Soc., 80, 430 (1938) 2$
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Clj 1II-2461

““Tb. d»omp»i.i.n of
cbloHde U .tudirf b, po...lio™.™

titration:

(,)
ioj + 6H* + C1- + 6(-)-IC1 + 3H,0

Z I- + Cl- + 2(+) - ICI

S IC1 + 2C1. + 3H,0-HI0, + 5H^ + 5CI-

E. Meer.nd D. Ju«ok, Z, El

III-2462

monochloride reacU vigorously ™ith cesium cyanide.

ICI + CsCN -* CsCT + ICN

J corns*, H. W. Hor™bin, R. A. K»r*o., J. Am. Chom. Soc.. 60. 430 (1038)
_ _

CuCN

Iodine monochloride reacts vigorously with cuprous cyanide.

Id + CuCN ^ CuCl + ICN

J. Corno*. H, W. Horrabin and R. A. K.rg«. J. Am. < hem. Soc., 60. 430 HMS) _'9

m-2461
CusC) ,

Diiodo acetylene is obtained when iodine monochloride reacts with

copper acetylide.

2ICI + Cu*Cj— Cilj + CutCli

L. B. iloffell and W. A. Noy«. J. Am. Chem. Soc., 42, 993 (19M) ^

ICI
111-2465

HaO

Iodine mono chloride hydrolyzes forming hypoiodous acid and

hydrochloric acid.

IC1 + H,O^HIO + HCl

L- W. Andrews, J. Am. Chem. Soc., 26, 757 (1903>
^
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ICl

nN2466
Gaseous iodine monocUoride and hydrogen react to give free gaseous
iodine and hydrc^en chloride.

2IC1 + Hi Ii + 2HCI

A. Sherman and N. Li.» J. Am. Chem. So«., M, 690 (1936) •

la
ni-2487

Iodine monochloride is partly hydrolised in aqueous solution; hypo-
iodous acid and hydrochloric acid are formed (a). The hypoiodous
acid subsequently decomposes into iodine* iodic acid and water (b).

Other products of the decomporition of iodine chloride are iodine
trichloride and a hydrogen chloride-iodine monocbloride addition
compound.

(a) la + H,0 lOH + HCl
(b) 5IOH -• 21, + HIO, + 2H,0

V. Cofman* 3. Chem. Soc. (Loodon), 116:2, 1042 (1919) n

ICl

KCN IU-2462

Iodine monochloride reacts vigorously with potassium cyanide.

ICl + KCN KCl + ICN

J. Coroog, H. W. Horrabin, and R. A, Karges, J. Am. C^bem. Soc., 60, 430 (1936) 1$

ICl

KCNO in-2469

Iodine monocbloride reacts vigorously with potassium cyanate.

3ICI + 3KCi\0 3KC1 + I(CNO)i + I,

J. Comog, H. W. Horrabin and R. A. Kaxges, J. Am. Cbem. Soc., 60, 429 (1938) 16
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III-2470

KCKS
Lne .onochicride react, with

;^^5anate react similarly with iodine monochlonde.

/.) 3KCNS + 3IC1- 3KC1 + I(CNS). + I.

(b)
KCN + ICl -* KCl + ICN

(cl
3KCNO + 3ICI- 3KC1 + r{CNO)i + I*

tr k* i4 R A lUrces, J Am. Chem. Soc., 60, 429 (1938)

J. Coraog, H. W. Horrabm aad R. A. lUrgea,
5

1$

in-2471
KCl 9

Potassium chloride in excess is placed in iodine monwhloride at 50";

the*^sultiDg mixture is kept in a thermostat at 40 for two or more

hours and the material remaining undissolved is removed by fiHra-

tion the excess iodine monochloride is removed by evaporation.

Ammonium, rubidium, and cesium chlonde react similarly.

KCl + ia^KCl-ICl

(b)
NH4CI + IC1-»NH,C11C1

(c)
RbCl + ICl-*Rba.ICl

(d)
Csci + ia— csci-ici

J. Cornog. H. W. Horrabin, and R- A. Kaiges, J. Am. Chem. Soc., 60, 429 (1938)
^ ^

S

KI

ICl
III-2472

Potassium iodide decomposes iodine monochloride with the forma-

tion of free iodine.

ICl + KI-»It + Ka

Hennecke, Ph&rm. Ztg., 49, 957

Ref., J. Am. Chem. Soc.. 27, 1847 (1905)
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ICl
EOH“ ni-2473

If iodine monochloride is treated with an alkali, a hypoiodite, a chloride
and water result.

6KOH + 3ia^ 3KIO + 3KC1 + 3H,0

J. K. P. Orton and W.L, Btaekman, J. Cbem. Soc. (Londoo), 7T:2, 830 (1000) /Os

KOH m-2474
Iodine monochloride reacts with potassium h3^roxide.

5ia + 6KOH KIOi + 21, + 3H,0 + 5KC1

Philip, Ber., 8, 4 (1870)

NH, m-2476

Nitrogen Iodide forms when strong ammonia is poured over a mixture
of crushed ice and iodine mooochloride solution.

2NHi + 3IC1 + (3HCi)

F. D. ChatUway and K. J. P. Orton, Am. Cbem. J., 88
,
364 (1900) i

NH,

NaOH
m-247e

If iodine chloride is formed in the presence of ammonia and sodium
hydroxide the reaction tends to produce sodium chloride, nitrogen

triiodide and water.

3IC1 + NH, + 3NaOH ^ SNaCl + NI, + 3H,0

Trillai and Turchet, Ann. chim. so si., 10, 179 (1905)

NH 4CN ni-2477

Ammonium cyanide reacts vigorously with iodine monochloride.

la + NH,CN NH*C1 ^ ICN

J. Comog, H. W. Horrabio and R. A. Esrges, J. Am. Chem. 80c., 60, 429 (1938) 16
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m-2478

“•*:

31C, + 3NH.CNS- 3NH,C. + I.

^

j. Cornog, H. W. Horcabin and R- A.

ICl ni-2479

monochloride reacts vigorously with lead cyanide.

2ICl + Pb(CN).-*PbCI, + 2ICN

^ B A K.«~. J Am. Chem. Soc., 60, 430 (1938) tS

J. Cornog, H. W. Horrabm,
J.
“

in-2480

W.U lead cyanate, iodine monochloride forms iodine tricyanate.

6IC1 + 3Pb(CN0). -« 3PbCli + 2I(CNO), + 21,

J. Cornog, H. W. H.rrabin «.d R- A. K.rg«, J. Am. Cb.m. Boc.. eO.m (1938)
_ _

te

ICl
I1I-2481

Pb(CNS), „ ^
,

With lead thiocyanate, iodine monochloride forms iodine tnthio-

cyanate.
gp^^cNS).- 3Pba. + 2I{CNS), + 21,

J. Cornog, H, W. Horr.bin, and R. A. Karges, J. Am. Chem. S«-. «'

ICl

SjBtg

Iodine monochloride reacts with sulfur monobromide.

2IC1 + S,Br, -* 2IBr + SjCl,

J. B. Hannay, J. Ch«m- Soc. (London), 26, 823 (1873)

III-2482

S5
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ICl
Dehydrocholic acid

in-2483
If iodine monochloride is allowed to react several days in glacial acetic
acid with dehydrocholic acid at room temperature, dliodo dehydro-
cholic acid precipitates.

(2ICI + C,4H,40*^ 2HC1 + CuHttOdt)

w. Bomhe wid K. Diacont, Z. physiol. Chem., IW, 115 (1931)

A
ICI

in-2484
Iodine monochloride heated to 101® dissociates into iodine, and
iodine trichloride.

3ICl ^ I, + ICl,

G. Oddo sad E. Serrs. Cur. chim. ital., 29*. 352 (1899) gj

CSi
ICl,

Iodine trichloride reacts with carbon disulSde.

5ICI, -h 4CS, 2CCU + 2CSCI, + SSsCl, + 31,

J. B. Haonay, Chcm. News, 87, 224 (1887)

UI-2466

85

cuo
ICl,

Iodine trichloride reacts with chlorine monoxide.

2IC1, + 601,0-^1,0, + 8C1,

H. Basset and E. Fieldiog, Cbem. News, 84, 205 (1886)

m-2486

85

H,0
la,

Iodine trichloride reacts with water.

2IC1, + 3H,0 HIO, + 5HCI + la
P. Schutscnberger, Compt, rend., 84, 389 (1877)

m-2487

85
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in-2488

0ecomp.

Iodine trichloride decomposes.

Id, - ICl + Cl,

J. PbiUpp, Ber., 8» 4, (1870)

gs

lOH

4S

ni-2490

gs

m-2489

'’’C.io-ous
is formed with Uberation of water.

lOH + C.HtOH - C,H,I OH + H,0

S'”
I(OH),

Deeomp*

Iodine hydroxide decomposes spontaneously.

3I(OH)i 2HIO, + HI + SHiO

F. Fichtcr sad RohDer, B«r-. 42, 4003 (1900)

in-2491

^^^^rtaction scheme with three simultaneous rations, similar to the

LandoU reaction is investigated and described:

(a) lOr + 6Fe(CN).— + 6H+ -» I” + eFeCCN)— +

(1,) lOr + 51- + 6H+ ^ 31, + 3H,0

(c) I, + 2Fe(CN)J ?t 2I- + 2Fe(CN),

J, Eggert and B. Schamow, Z- Elektrochcm., 87, 458 <19211

III-2492

lodate ion is anodicaUy oxidised in alkaline soluUon to periodate ion.

lOr + 20H- + 2® -» 107 + H,0

8S
B, MUUer, Z- Elektrochem., 10, 57, 58 (1904)

86
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lOr

III-2493

The reduction of periodate (a) and iodate ion <b) with iodide ion is fol-
lowed potentiometrically:

(») lOr + 8H+ + 71- 41, + 4H,0
(b) 10," + 6H+ + 51- -* 31, + 3H,0
E. Midler and D. Junck, Z. Elektrochem., 91. 200, 204 (1925)

111-2494

The reaction between periodates and iodides is catalysed by the
action of hydrogen ions, light and platinum-

3107 + 1- -* 4107

E. MtUlcr» Z. Btektrochem., 707 (1003) «

*SCM0 m-2496
Silver cyanate and iodine react slowly in cold water and rapidly when
heated, to evolve carbon dioxide and form cyanic acid, which slowly
decomposes to carbamide.

(a) 6AgCNO + 31, -|- 3H,0 -• 5^ + AglO, + 6HCN0
(b) 2HCN0 -I- HrO -» CO(NH,), + CO,

C.W.B. Normand, J. Ch€m. Soc. (LoDdon), 101, 1057 (1912) 47

It

AgCKS in-2496

silver thiocyanate is shaken with iodine in water, hot or cold,

a rapid reaction takes place.

UAgCNS + 71, + lOHtO

14^ + 12HCNS + HSOi + HCN + CO, + NHiHSO^

C. W. B. Normand and A. C. Cumntag, J. Cbeo. S«. (London), 101, 1801 (1912) 67
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ni-2497

AgF

T„dine reacU with silver fluoride to form iodine pentafluoride.

I,+ 10AgF-2IF.+ (10Ag)

2G

It
1II-2498

AgNO
*

1 «* I. treated with a solution of silver nitrate,

An aqueous
’’obtaining silver iodide in finely divided con-

yie dsap^ey
^ ^ amounU of reactants are used about 96%

SmeU «“U«.*tion(a). Some of the product reacts

alo^bg to equation (b). Silver aceUte reacU as the n.trate.

(ft)
AgNO. + I. + H.0 + HOI + HNO,

. 3I10I -* HIO, + SHI

!e)
CH,COOAg + I. + H.0 - Agl + HOI + CH.COOH

n. 8- Taylor, J. Chem. Soc. (London), 108, 33, 85 (1913) 67

AgN

It

111-2499

A triazide of iodine U obuined when a solution of iodine in bensene

or ether reacts upon silver triaside.

2AgN, -h 2It 2INt + (2AgI)

Hant«ch, Ber., 83, 522 (1900)

Ref., Den D is and Browne, J. Am. Chem. Soc., 28, 583 (1904)

Ag.SO.

Silver sulfite and iodine react in water to form iodide and sulfate.

H,0 + Ag,SO, + I. 2^ + HtSO.

C. W.B. Normandand A.C.Cumming, J.CKem.Soc. (London), 101, 1862 (1912) 57
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A1

Si

Ii

ni-2601

When a tube containing aluminum wire and iodine separated by an
asbestos plug (the tube bent so that the middle portion is horisoatal,
and the ends point slightly downward) is evacuated, sealed, and
heated so that the iodine at one end is at 180®, the metal in the middle
Is at 500®, and the other end is at 15®, aluminum iodide is formed.
Silicon reacts simiJarly.

(a) 2A1 + 3It 2A1I|

(b) Si + 21, SiL

M. Guicbard, Compt. rend., 146, 807 (1907)
Ref., E. Horton, J. Cheoa. Soe. (London), 94 :S, 31 (1908)

h
Ba(C10,), 111-2502

When a neutral solution of barium chlorate is mixed with an equiva-

lent amount of iodine in the presence of a small amount of HNO, or

HCl at 85®C a rapid reaction occurs.

31, + 3Ba(C10,), + 3H,0 3Ba{IO,), + HCIO, + 5HC1

A. B. Lamb, W. C. Bray, and W. J. (3eldard, J. Am. Chem. Soe., 48, 1637 (1920) 1$

h
Ba(C10,), in-2503

When slightly less than an equivalent amount of barium chlorate

solution is mixed ^ith iodine in the presence of a small amount of HCl
or HNOi at 85®C the following reaction occurs.

61, + 5Ba(C10,), -I- 6H,0 5Ba(IO,), -f- 2HIO, -I- lOHCl

A. B. Lamb, W. C. Bray and W. J. Geldard, J. Am. Chem. Soc., 42, 1637 (1920) 16



IODINE 703

m-2604

CHjCOCBj
iodination of acetone (b) by

Moisture promo^ the

shifting the equilibnum m favor oi

CH.COCH.^CH,C(OH):CH,

: CH.C(OH).OH, + I.= CH,C1(OH)CH.I

CH.CI(OH)OH.I-CH.COOH.H-BI

M. P. Matusiak, Anal- Ed., «. 457 (19*4)

III-2606

CHjCOCHj
acetone to form iodoform. The iodine

‘i'anTtaiS through electrolysis, i.e., through anodic oxidation

of iodine.

CH,COCH, + 61 + H,0- CHI, + CH.COOH + 3HI

K. Elbs wd A. Her,, Z. Ekktrochem.. 4, lU (1897)
86

1,

m-2506
CH,COSH

Iodine acts on thioacetic acid at ordinary conditions to form acetyl

disulfide and hydriodic acid.

2CH,COSH + I, - (CHiCO)A + 2HI

K. Tarufl, Gb«- chun. iUl., J7S 158 (1897)
gi

It

^ ^ /V 4 in-2607

When a solution of silver acetate is treated with iodine in equivalent

amounts, silver iodide and ^ver iodate are formed. In exce®

iodine no iodate remains in the precipiteU, but iodic acid is found in

the fUtrate.

(a) 6C,H,0,Ag + 3H,0 + 31,^5^ + i^IO» + 6C,H,0,H

(b) 5C,H,0,Ag + 3H,0 + 31, -» 5AgI + HIO, + 5C,H,0,H

C. W. B. Nonnand, J. Chem. Soc- (LoDdon), 101, 1853 (1912)
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U
m-2608

Id the presence of alkali or carbonate and after heating, iodine reacts
with alcohol to form iodoform. The same reaction can be brought
about with aqueous Kl-solution, where Ij is formed anodically. If

current den^ty is small, the alcohol will be oxidised only to formic
acid.

(a) CiHtOH + 51, + H,0 ^ CHI, + CO, + 7H1

(b) C,H,OH + 41, + H,0 CHI, + HCOOH + SHI

K. Elba and A. Hera. Z. Elektrochem., 4, 113. (1897) S6

I,

C,H,SH II1-2609

Ha,SO,

Sodium ethyl thiosulfate may be prepared by the action of iodine on a
mixture of ethyl mercaptan and sodium sulfite.

I, + C,H,SH + Na,SO, NaC,HiS,0, + (Nal + HI)

D. F. XwiM. J. Cben. Soc. (Uodon). 105. 1693 (1914)

Ref.. Spring and Legroei Ber.» 15. 1938 {1862) 67

I,

C,H,OH m-2510

Iodine reacts with propargyl alcohol in the presence of red phosphorus

to form propargyl iodide.

6C,H,OH + 31, + 2P 6C,H,I + (2H,P0,)

L. Henry. Ber., 8tl, 398 (1875) 86

It

CiH^O, m-26U

Pyruvic acid is oxidised quantitatively by iodine in strongly alkaline

solution. The sodium hypoiodite formed acts both as an oxidising

and iodizing agent.

C,H.O, + 31, + 5NaOH^ CHI, + 3NaI + NajCjO, + 4H,0

W. H. Hatcher and W. H. MueQer, Trans. Roy. Soc. (Canada) (11 1), 28. 35 (1929) £$
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I1I-2612

NaOH

C4I»0

t of aoetooe b, iodine in eUon^y a^aline edution^
quantitative, and therefore cannot be used for the csu

acetone.

C,H.O + 31, + 4NaOH - CHI. + NaC.H.O. + 3NaI + 3H.0

VI. H. Hatcher and W. H. MoeUer, Traaa. Roy. Soc. (C^^a) PII), M. 09

I,

CJI.OH

NaOH

m-2613

Phenols in coke oven gas may be quantitaUvely determined by treats

ment with iodine and sodium hydroxide.

31, + C|H,OH + 3NftOH ^ C.HiIiOH + 3NaI + 3H,0

R. D. Scott, Aatl. Ed., 3, 37 (1981)
U

CJIiOH

It

m-2614

If sodium carbonate is added to a boiling solution of a phenol and

iodine the following reaction takes place.

2C,H»OH + 6It + 4Na,CO,

2CiH,I,0 + 8NaI + 4CO, + 4H 2O

W. O. Emery, J, Ind. Eog. Chem., 13, 538 (1921)
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C$H(ONa
in-2516

When sodium phenolate reacts with iodine in presence of moisture,
phenol and hypoiodous acid are first formed (a); the hypoiodous acid
subsequently reacts with the phenol, giving the corresponding
iodophenol (b).

(a) CeHiONa + I, + H,0 CiHjOH + Nal + lOH
(b) CiHiOH + lOH ^ C.HJ • OH + H,0
V. Cofman, J. Cbem. Sot. (London), 1W4, 1046 (1919)

It

CiBtOz III-2516

EOH
If iodine and salicylic acid are mixed (both reactants being dissolved

in alkali), iodosalicylic acid will be formed (a). The same compound
is obtained by tbe action of iodine and iodic acid on aalicylic acid (b).

(a) CtHiO* + Ii + KOH KI + H,0 + CtHjO,!

(b) 6CrH,Oi + 21, + HIO, 6CtH,0,I + 3H,0

Kekuld, Ann., Ill, 221 (1864)

Ref., V. Cofmsn, J. Cbem. Sm. (Londoa), 111:2, 1040 (1919) 4s

ci-

Br-

Solubility determinations at 25^ indicate equilibrium constants of

approximate value 0.63 and 0.08 for the reversible reactions (a) and

(h) shown below.

(a) I, + Br I,Bi^

(b) I, + CI-?±1,C1“

V. K. LaMer and M. H. LewinMhn, J, Pbya. Cbem., 31, 171 (1934) 7

It

in-2617
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1II-2618

CU
Chloriae was passed over iodine in a tube to form iodine mono-

chloride.
C!, + I,-*2ia

w. K c.«i. ..d d, t™. Odd

cit

* III-2619

Iodine reacts violently with liquid chlorine, the trichloride being

insoluble in liquid chlorine.

(I, + 3Cl.— 2ICI1)

K. H. Butler and D.McIntosh, Trane. Roy. 8«. (Canada) [1111, 19

Fe
in-2620

When a tube containing iron wire and iodine separated by an asbestos

plug, is evacuated, sealed, and heated so that the iron is kep at 500

Snd* the iodine at 180*. ferrous iodide is formed and sublimes as

red crystals. Uranium and nickel also form iodides under similar

conditions.

Fe -hi. -» Felt

2U-t-31.-*2UIj

Ni -fit-* Nil,

(a)

(b)

(c)

M. Guichard, Compt. reod., 14S, 807 (1907)

Ref., E. Horton, J. Chem. 8oc. (London), 04:9, 31 (1908) 57

HCOOH IU'2521

Iodine and formic acid, in the presence of excess of potassium iodide,

react to give hydrogen iodide and carbon dioxide.

HCOOH + Is 2H1 + COs

D. L. Hammick and M. Zvepntior, J. CThero. Soc. (london), S, 1105 (1926) es
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It

HCOOWa III-2522

Sodium formate is easily oxidised by iodine at ordinary temperature
forming sodium iodide, hydriodic acid and carbon dioxide.

HCOOXa + I, Nal + HI + CO,

K. K. DhAT, J. Chem. Soc. (London), ill, 726 <1217) IB

It

HCU in-2623

In the “iodate’’ methods of volumetric analyris there is usually added

to a hydrochloric acid solution of the reducing substance to be

analyzed a standard solution of an iodate until the iodine at first

liberated is oxidized to iodine monochloride. The end-point is

determined by the disappearance of the iodine color in an immiscible

organic solvent, usually carbon tetrachloride or chloroform.

It + 2HCI + 0{from iodate) 2ICI + HtO

E. H. Swift, J. An. Chen. Soe., 62, 824 (1930) 16

It

HCl I1I-2524

KIO
Iodine is oxidized to iodine monochloride by a hydrochloric acid

solution of an iodate.

2It + 6HC1 + KIO,^ 5ICI -h 3H,0 + KCl

E. H. Swift, J. Am. Cbem. Soo., 63, 200 (1930)

Ref., Schoonover and Furmea, J. Am. Chem. Soe., 66, 3124 (1233) I

It

HCIO, III-2626

^Mien iodine is added to chloric acid, chlorine is liberated.

2HCIO, H- 2HIO, -I- Qt

M, Goraberg, J. Am. Chem. Soc., 46, 407 (1923) W
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m-2626

"“l iodic ..id, i«ii.e »» »y • »>"

24-26% chloric acid solution.

I, + 2HC10, 2H!0, + Clj

.. B, U-, w. o. B..„ ..aw, a,
Cl.™.

/

in-2627

HCIO,

When iodine is added to perchloric acid the lodme replaces the

chlorine.

2HC10, + I. - (2HI04 + Cl,) - 2HIO, + 0, + Cl,

M. Gomberg, J. Acn. Chem. 8oc-» 45, 407 (1023)
1$

HI

Iodine or

* ni-2628

metallic iodide dissolved in hydriodic acid yields a penodide.

(I, + HI - HIO

SS S": Sr: E:SS S ..a ™, <>»)

Ref., Tinkler, J. Chem. 8oc. (London), 51, 996 (1907)
109

III-2629
HIOj

CHaCHO

In presence of iodic acid, iodine reacts with aceUldehyde and its

homologues to form moncKSubstituted derivatives.

5CH|CHO + 21* + HIOj SCHjICHO + 3H*0

H. M. Dawson, J. Chem. Soe. (London), 105, 1276 (1914)

Ref., Chautard, Ann. chim. phy«., 16 [ivj, 145 (1889)
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I:

HlOi 1II-2630

HCl

Iodine trichloride is formed when a mixture containing finely ground
iodine and iodic acid is slowly added to twice the theoretical volume of

hydrochloric acid and shaken.

3HIOt + I, + 15HCI SIClj + 9H,0

L. B. Howell and W. A. Noyes, J. Am. Chem. Soc., 42, tOOO (1020) i

je

h
HIO< III-2531

HCl

In the volumetric determination of vanadium as vanadate, the vana*

dium is reduced by iodide in 6 molal HCl solution and the liberated

iodine converted into iodine monochloride by titration with iodate.

21, + HIO, + 5HCI SICl. + 3H,0

E, H. Swift sad R. H. Hoeppel, J. Am. Cbem. 8o«., 41, 1365 (1929) iff

It

HNO, ni-2632

Nitric acid oxidises iodine to the dioxide.

8HNO, + Is UO, + {4H,0 + 8NO,)

Miilon, Ana. chtm. pbys., 18, 333

Ref., M. M. P. Muir, J. Chem- Soc. (London), 95, 656 (1909) 57

HNOj
1 ,

I1I-2633

Fuming nitric acid reacts with iodine to form iodic acid, but the yields

are very unsatisfactory.

I, + 4HNO, 2HIO, + (3NO + NO, + H,0)

M. Guichard, Compt. rend., 148, 924 (1909) 35
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in-2634

HO *C • COOAg
I - fhp first step of the reaction will

If iodine reacts
silver iodide and hypoiodoM

(a) OH-C.H.-COOAg + I* +
®’®h.c,H.-COOH +^ + HIO

(b) OH.C.H..COOH + lOH OH.C.H.I-COOH + H.O

V, Cofman, J. Ch«m. S«. (London),

I1I-2636

HO CA COOAg

When iodine reacU with silver salicylate, iodosalicylic acid is formed

and silver iodide precipitates.

OHC.H.COOAg + I,-. OH-C.H,ICOOH +^
Bimbsum, Bcr., W. 459 (1852)

Scbftlli B«f., 16, 1897 (1883)
\ 11 K .4 io4l fldl9)

Ref., V. CofmsQ, J. Ch«»« Spc. (London), UB4, 1041 (19W 48

I

HPOr
ni-2536

Iodine reacts with hydrogen phosphate ion. forming iodide ion, iodate

ion and di-hydrogen-phosphaU ion.

31, + 6HPO: + 3H,0 -* 51- + lOr + 6HtP07

Skrobal and Gruber, Monatoh., 87. 543 (1916)

Ref., V. Cofmao, J. Chco. 80c. (London), 115 12, 1047 (1919) 48

* lU-2637
HiO

. .

Iodine is hydrolysed in aqueous solution producing hydnodic acid,

hypoiodous acid, and iodic acid.

(a)

(b)

I, + H*0 HI + HIO

31, + 3H,0^ SHI + HIO,

Bray, J- Am. Cbem. Soc., 32, 932 (1910)
. .

Ref., C. W. B. Normand, J. Chem. Soc. (London), 101, 1853 (1912) 57
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H2O 1II-2638

lodiae reacts with w*ater when heated in sunlight.

21, + 2H,0 4HI + 0,

G. I^emoine, Compt. rend., 66, 144 (1877)

I,

H,0 Ul-2539

Iodine dissolved in alcohol reacts with water to form HI and HOI
especially in the presence of unsaturated organic compounds.

+ + HOI

E. Oftlle and R. Klatt, Brenn. Cbem., 14, 321 (1933) U

u
H,0 ni-2B40

HNOa

Iodine is oxidized by nitric acid.

I, + 6HN0t + H,0 2HIO 4 + 8HN0,

M. 8cb)6tter, Z. SDorg. Chem., 46, 270 (1905)

H,0

1 }

ni>2Mi

CH,OH

With water, a methanol solution of Karl Fischer reagent produces

bydriodic and methyl sulfuric acids.

I, + H,0 + SOi + CH,OH- 2HI + HSO4CH,

J. Mitchell, Jr-, D. M. Smith, E. C. Ashby, and W, M. D. Bryant, J. Am, Chem.

Soc., 63, 2927 (1941)
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in-2642

H,0,
Hydrogen peroxide oxidixes iodine to iodic acid.

5H,0, + I» 2HIO, + 4H,0

w. C. Bray. J. Am. Chem. See., 4S, 1262 (1021)

III-2643

H,S

dolutioD.

(H,S + It ^ 2HI + S)

c. Winkler, Cham. N«w», 8. H4 (iWS)
iOl

HiS

* III-2644

When hydrogen sulfide is passed through a solution ot iodine, hydro-

gen iodide and sulfur are formed.

H,S -1- Ij— 2HI -1-

S

ts

P. PoeUchke» J. Ind. Eng. Chem., 5, 981 (1913)

H,S
in-2646

If an aqueous suspension of iodine be saturated with hydropn sulfide

the resulting elution be distilled, hydriodic ac^ (d. 1.7) will be

collected in the fraction boiling between 123 and 127 .

I,+ H*S^2HI + S

J. T. Hewitt md W. J. Jones, J. Chem. Soc. (London). 116 :X, 193 (1919)
^
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I,

HsS) III-2546

When A solution of iodine in hydrogen persulfide is heated in a sealed

tube, liquid hydrogen iodide is formed.

1, + H^,^2HI +^
W. Ramsay, J. Cbem. Soc. (London), 87, 857 (1874) 4$

It

HtSs 111-2647

When a solution of iodine in hydrogen persulfide is allowed to stand,

iodine sulfide is formed with elimination of hydrogen sulfide.

It + 2H,St 2ISt + 2H,S

W. Ramsay, J. Chem. Soe. (Undon), 87, 360 (1874) 4$

HtSOt

It

Iodine oxidizes sulfurous acid solution.

HtSO, + Ii + H,0 — 2HI + HtSOi

J. B. Ferguson, J. Am. Cbem. Soc.. 89, 365 (1917)

III-2MB

I

HtPOt

It

m-2549
«

The reaction between iodine and hypopbospborous acid (in mineral

acid solution) is as in (a). In sodium carbonate solution the reac-

tion is as in (b).

(a) HJOt + Ii + HtO HtPOt + 2H1

(b) HtPOi + It + H,0 HiPO* + 2HI

Rupp and Finck, Archiv. Phann., 840, 663 (1902)

Ref., Steele, J. Cbem. Soc. (London), 91, 1641, (1907) 109

109
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in-2660

H,PO

NaHCO

hydnodic acid.

^ ^ H^O. + 2HI

B. D. SUde, J. Chem, Soc. (London).
lOS

1II-2561

^ ‘ a‘Aj> \a nroduced wheo resublimed iodiae dissolved in

vigorously.
21 ,- 2ICN + Hgl,

Badger and Xho-Cbow Woo, J. Am. Chem. Soc. *3. 2573 (1931)

•
J
’ III-2662

Hg(C10.), .

If mercuric perchlorate is added to a solution of jod.ne autoxidation

of the iodine occurs.

61, + 6Hg(ClO.). + 6H,0 -» 5HgI, + Hg(lO,), + 12HC10,

N, H. Furman and C. 0. MiUer, J. Am. Chem. Soc., 69. 153 (1937) Id

1 .

HgO

Witli mercuric oxide, iodine undei^oes autoxidation.

6It + 6HgO 5HgIi + Hg(IOj)*

N. H. Furman and C. 0. Miller, J. Am. Chem. Soc., 69, 153 (1937)

III-2563

je
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KCN III-2664

Iodine cyanide is prepared by adding iodine to a moderately con-

centrated solution of potassium cyanide and extracting the resulting

mixture with ether. The iodine color has disappeared.

2KCN + 21, 2ICN + 2KI

D. M. Yost and W. E. Stone, J. Am. Cbem. See., 66, 1880 (1933) i

u
K1 m-2565

Potassium iodide and iodine in nitrobenzene solution react to form

polyhalides, the molecular weight of which depends upon the relative

amounts of material present.

(») KI-I-

(b) KI -h 21, -Kl^
(0 KI + 3I,-*Kl7

<d) KI +4I,-^KI,

H. M. Dawson and C. G. Jackson, J. Chem. 8oc. (London), 93, 2063 (1908) 67

It

KI in'2666

Solid triiodides of rubidium, ce«um and ammonium have been

reported, and their existence remains unquestioned. Solid KI, is

not stable at 25^C although it exists in reversible equilibrium in

potassium iodide solutions. There is also evidence that relatively

small amounts of a still more complex polyiodide, possibly !{;, is

formed in concentrated solutions of KI saturated with iodine.

Csli is also formed under similar circumstances.

(a) 1“ + I,^ I;

(b) 21- + 6lr^ lu

G. Jcnea, J. Pbys. Chem., 34, 690 (1930)

T. R. Briggs, J. Phya. Chem., 84, 2259, 2266, (1930)

N. Rae, J. Pbys. Chejn., 36, 1802 (1931)

N. Bancroft, G- Shercrand L- Gould, J. Phys. Chem., 86, 784 (1931) 86
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El

KV2H£(two

tions), and KI, H,0. The first and last are stable at 25 C.

m-26B7

(a)

(b)

(c)

KI + It + HiO^ Kla- HtO

KI + It + 2HtO — KI 1
- 2H 1O

KI + 3It + HtO -• KlfHtO
Vvy

*

BrUp, Clack, Ballard and Saaaaman. J.^ys. ^7' «'

^

FooM and W. Bradley, J. Phya. Chem., 86, 673, 1713 (19M)
^

35

ni-255S
El

HCOONa
Iodine dissolved in potassium iodide solution oxidises formates. A

salt of a weak acid is added to reduce the concentration of hydrogen

ion produced. Excess iodide ion retards the reaction.

(a)

(b)

KI +
KI, + HCOONa- Nsl + HI + CO, + KI

N. Dhar, J. Chem. 8oc. (Loodon), lit, 726 (1917)
57

EOH
I,

in-2569

If alkali is added to an aqueous solution of iodine, potassium iodide,

potassium hypoiodite and water are the products of the reaction.

2KOH + I,— KI + KOI + H,0

R. L. Taylor, J. Chem. 8oc. (London), 77 a, 726 (1900)
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It

KOH 111-2660

Iodine reacts with potassium hydroxide under standard conditions to

give potas^um iodate as follows:

(a) Ii + 2KOH ^ 2KI0 + H|

(b) 3KIO 2KI + KlOt

0. G&llo, Gats. ehim. iUt., 36*, 118 <1906) SI

It

KOH II1-2661

CH,C(H){OH)SO,K

If the pH is closely watched, iodine will react with potassium hydrox-

ide and the addition product of potassium bisulfite and acetalde-

hyde, under quantitative formation of potasuum iodide and iodoform,

4li + 7KOH + CH,C(H){OH)SOtK
KHSOi + HCOOK + HCIi + 5H,0 + 5KI

W. MOUer-Parcham. Z. phy»ol. Ch«m-, 818, 209 (1933) H

ESCSNt
It

111-2662

Asldocarbondisul6de precipitates when iodine reacts with potassium

asidodithiocarbonate.

2KSCSN, + I, (SCSNt), + 2KI

A. W. BrowrtP and A. B. Hoel, J- Am. Cbem. Soc., 44, 2110 (1922)

It

n in-!

Oxalates arc oxidised by iodine. The velocity of reaction is greatly

increased by sunlight.

K,C,0, + I, 2KI + 2CO,

N- Dhar, J. Chem. Soc- (London), lU, 748 (1917)
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III-2664

NHjOH
Iodine oxidizes hydroxylamine

disodium phosphate.

2NH,0K + 21,

in neutral solution in the presence

N,0 + 4HI + H,0

of

W, M«yeriiifh. Bar., 10.
-a.

T. Hag., J.
41. 1363 (1919) >

Bray, SimpsoQ and MacKeofia, j. ^

I s'sirrrciis," cL. a..d„,, B., .3.5 ,..o.>
^ ^

III-2566
NH,OH

H,0

The well known reaction between iodine and hydroxylamme ifl

quantitative if sulfanilic acid is present to catch immediately the

nitrous acid formed.

21, + H,0 + NH,OH HNO, + 4HI

G. Eodrea and L. Kaufmann, Z- phytiol. Chem-. 948, 144, (1936) U

NH:

Ii

III-2666

Iodine is very soluble in a small volume of bquid ammonia and the

solution contains iodine-amide and ammonium iodide.

F. W. Bergstrom, J. Am. Cbem. Soc., 4$, 2320 (1926)
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It

NHJ m-2667

A single polyiodide, NHJa, is stable in the NH*-!* system. This salt

melts incongruently at 176®C. In the presence of water a tri«

hydrate of this tri-iodide and a pentaiodide, NHJi HsO, are also

found. Both melt incongruently, the former at 7.0®C and the latter

at 9.8^0.

(a) NHJ + Ii^NHJ,
(b) NHJ + I, + 3H,0-^NHJr3H,0
(c) NHJ + 21, -h HtO NHJ, H,0

Briggs, BftU&rd, Alricb and Wiiuwo, J. Phys. Chem., 44, $49 (1940) 86

NH^OH
HCl

It

111-2660

Iodine monochloride is prepared by the action of concentrated

hydrochloric acid upon nitrogen txi-iodide formed by digesting iodine

in ammonium hydroxide.

(a) 6It + 4NH 4OH ^2NH, Nl, + 4H,0 + 6H1

(b) NHrNI, + 5HCI SICl + 2NH,Cl

L. B. Howell and W. A. Noyes, J. Am. Cbem. Soe., 42, 1009 (1920)

N,H,

Hydrasine changee iodine to hydriodic acid and sets nitrogen free.

2I> + N,H, -» 4HI + N,

G. Hoist, Sv. Kern. Tidsk., «, 16 (1931) tO

It

N,0. IU-2670

Iodine, moistened with fuming nitric acid, reacts with nitric anhydride

(from fuming nitric acid and phosphorus pentoxide) to form iodic

anhydride in 40% yield.

It + NtOi -* IiO» + (Nt)

M. Guichard, Compt. rend., 1*8, 92S (1909) **
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Na
UI-2671

If iodine is treated with sodium in liquid ammonia, iodide ions are

formed.

I, + 2Na-*' + e- 2Na+ + 21-

c. A. Krau*, J. FrankUn Inat.. 312» 659 093
J)

le

NaClOa

CU

KOH

m-2672

Trisodium paraperiodate is formed when iodine is oxidised to sodium

iodate and this salt oxidised to periodate by chlorine in an alkaline

solution.

I, + 2NaCI0i -• 2NaI0, + Cl,

,« «N,IO. + SOU + .KOH
^ + .KC. + I.

H. H. Willard and J. J. Thompson, J. Am. Chem. Soc.» 68, 1828 (1934)

KaHCOa

It

III-2673

HtOt

Iodine, hydrogen peroxide, and sodium bicarbonate react tc form

sodium iodide, carbon dioxide, and oxygen.

It + 2NaHC0a + 2NaI + 2C0j + 2HtO + Ot

A. V. Harcourt and W. Esson, Trans. Roy. Soc. (l^ndon), 198, 855 (1895)
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It

NaHSO, III-2674

Iodine treated with a solution of sodium hydrogen sulhte and sodium

carbonate is changed to sodium iodide, the other products being

sodium sulfate, carbon dioxide and water.

2NaHSO, + 3Na,CO, + 21,^ 4NaI + 2Na,S04 + 3CO, + H,0

A. G. Ekatrand, Sv. Eem. Tidsk., 93 (1893) tO

Nal
1 ,

UI-2676

Three difTerent solid polyiodidea have been found in the system

NaIT,*H}0. No solid tri-iodide of sodium has been found at any

temperature, although tri-iodides of NH^, K, Rb, and Cs are readily

obtained under umilar conditions.

(a) 4NaI + 61, + 13-15H,0 NaJii 13-15H,0 below 16.4^C

(b) 5NaI + 31, + 17-19H,0- Na,In 17-19H,0 below 2’C

(c) 2NaI + 31, -f 10-UH,0 -4 Na,U 10-1 1H,0 below -7®C

T. R. Briggs, W. F. Geigls, sod J. L. EstOD, J. ^ys. Chem., 43, 612 (1941) $S

I,

(NaOH)

Iodine reacts with alkali to yield hypoiodous acid and iodide,

excess alkali the hypoiodide is formed.

lU-2676

With

(a) I, + (NaOH) HOI + (Nal)

(b) HOI + (NaOH) (NaOl) + H,0

H. S. Taylor, J. Chem. Soc. (London), 103, 32 (1913)

1,

NaOH ni-2776

The action of iodine on alkali is connected with the equilibria of the

following two reactions:

(a) I, + OH-^HOI + I“

(b) HOI + OH-^ 01- + H,0

F. Foerstcr, Z. Elektrochem., 9, 216 (1903)
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Ii
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in-2678

mteract^ with alkali in solution to form iodate and iodide,

31, + 6NaOH — NalOi + 6NaI + 3H,0

G. M. Kline and S. P. Acre*. Anal.

I,
ni-2679

NaOH
Free iodine in a solid soap will disappear in aqueous solu tion, owing to

liberaUon of caustic soda by hydrolysis, and it can be shown that the

[oiutL of,a, soap! claimed to contain iodine has no action on the

starch reagent.

6NaOH + 3I»-» 5NaI + NalOi + 3H,0

t Glenn Jt Perfumery md Cownetic*, p. 529 Aug. 1936

Od and Soap, U. U, 295 (1936)
lit

NaOH

I,

II1-2680

Hypoiodite and iodides are formed by the reacUon between sodium

hydroxide and iodine.

2NaOH + Ii^ NaOI + Nal + HiO

a. Heinemaan and H. W. Rahn. Anal. Ed., 9. 458 (1937) H

NaOH
in-2681

A white precipitate which is converted into silver periodate is pro-

duced when a rapid stream of chlorine is passed through a solution

of sodium hydroxide and iodine.

(a) 12NaOH + 7Clt + Ii^ 2HJIatIQi + (6HCI + SNaCl)

(b) HjNailOi + 3AgNOj Ag>10t + (HNO, + 2NaN08 + HgO)

H- L. Wells, Am- Chem. J-, 25, 279 (1901)
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NaOH
RCHO

111-2682

When alkali is added to a mixture of iodine and aldose sugar, the

following reactions are initiated.

(a) 2NaOH + Ii -* NalO + Nal + H,0

(b) NalO + RCHO + NaOH RCOONa + Nal + H,0
(c) 3NaIO NalOi + 2NaI

R. E. Lotbnip and H. L. Holmes, Anal. Ed., S, 334 (1931) 44

h
Na^HPOi 111-2683

Iodine dissolves in a solution of disodium hydrogen phosphate with

formation of sodium-dihydrogen phosphate, sodium iodide and

hypoiodous acid (a). The latter decomposes further into iodic acid,

iodine and water, (b).

(a) NaiHPO* + It + H,0 -* NaHtPO* + Nal + HIO
(b) 5H10 HlOi + 2It + 2H,0

V. CofmsQ. J. Chem. Soe. (London), 116:3, 1047 (1919) 43

It

NatOt 1U.2684

Sodium peroxide mixed with iodine and then steadily cooled will

produce sodium iodate and sodium iodide.

3NatOi + 3It 2NaIOt + 4NaI

A. Long! and L. BanovU, Gtu. chlm. ital., 36^ 334 (1898) f/

I,

NatS in-2686

NatStOt

A difference exists between the stoichiometric iodine demands of

sulhde and thiosulfate sulfur.

(a) NatS + It^ 2NaI + S

(b) 2NatStOt + I* NatS^Ot + 2NaI

G. Heinemann and H. W. Rahn, Anal. Ed., 3 , 458 (1937) 44
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I1I-2686

Line in solution was analysed for by sodium thiosulfate, forming

IfZra iodide and sodium utrath.onaU.

2Na.S.O, + I. -* 2N8l + Na.S,0.

. ssi.ld. Trans. Roy. Soc. (London), 186. 818 (1895) 106

L. Mond. W. Ramsay, and J. Shields. ^

I.
ni-2687

NdtStOs

Free iodine may be titrated with a solution of sodium thiosulfate.

31, + 6Na,S»0. -• 6NsI + 3Na,S,0.

M. Blanchetiere. Bull. son. cbim. (61, t». 3«
3/

OH
’ ra-2688

The first reaction which takes place when

results in the formation of hypoiodous acid and iodide *on. Equi

Ubrium is attained rapidly, and if the alkali is concentrated, the con-

lenSiin of free iodine is negligible. The subsequent decomposi-

tion of the hypoiodous acid is a relatively slow reaction.

It + OH- lOH + I-

V. Cofmart, y Ch«m. Soc., (Undon), ilt% 1042 (1919)
48

0,
m-268d

Iodine is heated in a tube vriUi air or oxygen to a high temperature.

41 -1- 50, 2IjO»

S^meotmi, Aoo., 4, 170 (1832)
SO
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RCHO
1U^2500

The determination of aldose sugars by titratjon with iodine-alkali
reagents is based on the following reactions.

(a) RCHO + I, + 3NaOH - RCOONa + 2NaI + 2H,0
(b) 61 + 6NaOH NalO, + 5NaI + 3H,0

G. M. Kline and 8. P. Acree, Anal. Ed., 8, 413 (1930) i.

RCHO UI.2591

NaOH
Aldehydes are quantitatively oxidised to acids by iodine.

I) + 3NaOH -h RCHO RCOONa H- 2NaI H- 2H,0

R. E. Lothnjp and R. L. Uolnea, Anal. Ed., 8, 834 (1981)

IU-2692

The stable solid phases in the system Rbl-I«, between 60^0 and the
boiling point of the saturated melt (238*C), are iodine, rubidium
iodate and rubidium tri-iodide. The per-iodide melts incongruently

at 188T.
Rbl -|-I,-*RbIt

T. R. Briggs and E. S. Patterson, J. Pbys. Cbem., 86, 2624 (1932) 8$

II1-2693

At 25^0 and 1 atmosphere there are only three true polyiodides of the
alkali metals, Rblj, Csl», and Csl^. Other polyiodides reported

are solvated compounds. Various ternary polyiodides with bensene

and toluene have been reported.

(a) Rbl -H,-^RbI,
(b) Csl + It Call

(c) KI -h Ii + H,0^KIrH,0
(d) KI + 4Ii + 3C,He KIrSCiH.

N. S. Grace, J. Pbya. Cbem., 87, 359 (1933) 8$
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III-2594

SO

, ...oh. ...U..O. o, ..h-
“<

„, K. UhH., ..d F. r»
u

I,

SOi

in-2696

r ^p. ir, fata 254 g. It in 51 dry MeOH and 790 g.

In a eooimg. 192 g. dry SO* are added. A

rr/faUsST The iodine used is deternuned by difference.

/\ . xj eA. _L OMT
I, + SOi + 2HjO - HjSO. + 2HI

A A runke Fette und S^CQ, 44, 345-6 (1937)

tf P KauffcDMift aad 5.

W;oaUscap,14.1«.32^

111-2696

SOt

“’^Iodine ie transformed to bydriodic acid by reacting it with sulfur

dioxide and water. The reaction « reversible.

SO, + I. + H,0 tt SO, + 2HI

lOl

Chein- News, 9, 99 (1864)

TU
Ul-2697

Thallium iodide forms two higher iodides at 6"C in the presence of

bensene or toluene as solvents.

Til + 1, -Til,

6T1I+I,— T1.I,

H. W. Foote, and M. Fleischer. J. Phys. Chem., 44, 651 (1940)
*5



728 ENCYCLOPEDIA OF CHEMICAL REACl’IOKS

It

Aldoses I1I-2698

NaOH
In alkaline solution iodine is reduced to iodide by aldose sugars.

RCHO + It + 3NaOH RCOONa + 2NaI + 2HtO

C. M. Kline and 8. F. Aeree, Aoal. Ed.» 2, 4t3 (1930) s$

It

Xylose ni-2699

In alkaline solution iodine interacts with xylose forming iodide and
a salt of xylonic acid. This reaction is general for aldoses; 14

references on the reaction given.

CiH»04CH0 + 3NaOH + I* C4Ht04C00Na + 2NaI + 2H,0

C. 8. Sister and S. F. Acree, Anal. Ed., 2, 274 (1930) 53

It

A IIL2600

At temperatures above 950^C» iodine is dissociated into monatomic

iodine.

It-* 21

W. C. M. Lewis, J. Chem. 8oe. (London), 111, 1091 (1917) 67

ItOi

HtC,04 m-2601

Iodine dioxide reacts with an aqueous solution of oxalic acid in the

presence of sulfuric acid at 100^.

I}04 + dHtCtOi —* 4HtO + 8COt + It

F. Fichter and F. Rohnar, Ber., 42, 4093 (1909)
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in-2602

Mi.
1,0* + 4H,C,0.- 4H,0 + 8C0» + I.

Ul-2803

"’"Dii,,.!.. t..™id. ..»» .">;b
““ “

iater to form iodic acid and free .odine.

51,0.

+ 4H,0 -• SHIOi + Ii

in-2604

KOH
Iodine dioxide reacU with an aqueoua solution of poUsaium hydroxide.

31,0.

+ 6K0H -* 5KI0, + KH- 3H,0

H. K*pp«l«» »

m-2606
KOH

Diiodine tetroxide reacto with aqueous potassium hydroxide to form

potassium iodate, potassium iodide, and water.

31,0.

+ 6K0H 5KI0, + KI + 3H,0

M, M. P. MuLr» J. Chem. Soc. (Londoft), W:1 859 (1909)
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ItO,

I1I-2608

Iodine dioxide is placed in a tube to which sulfur trioxIde is added,
and the tube is sealed and heated at 80* for eight hours. A pale
yellow solid addition compound is formed.

I1O4 + 3SOi ItOrSSO,

M. M. P. Muir, J. Chen. Soe. (Loadeo), $6. 669 (1909) $7

Ii04 3SO,

111-2607

The iodine dioxide-sulfur trioxide addition compound decomposes
when heated to 120^, (a). It also decomposes when exposed to the

air for a day or two, (b).

(a) LOi'SSOi^ Ij + 20i + 3S0}

(b) 41,0* 3S0, + 14H,0-* 2Ii + 4HIOi + (12H,S04 + 30i)

M. M. P, Muir, J. Cbem. Soc. (London)
, 96, 661 (1909)

hOi
CO 111-2608

When carbon monoxide is passed over iodine pentoxide at a tempera-

ture of 130 to 200^C, this reaction changes the carbon monoxide to

carbon dioxide.

I,Oi + 5CO-^I, +5CO,

A. H. Gill and E. H. Bartlett, J. Ind. Eng. Chem., 2, 9 (1910)

Ref., M. C. Teague, ibid., 19, 964 (1920) it

Ref., T. E. Thrope, J. Cbem. Soc. (London), 69, 318 (1903) lOi

I.O»

CO 1II-2609

Iodine pentoxide decomposes at elevated temperature in a current of

carbon monoxide to give iodine and carbon dioxide:

hOi + SCO I, + SCO,

£. Goutal, Ano. chim. anal., 16, 1 (1910) 76
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111-2610

Iodide
penloxide reacts ^vith carbon monoxide at 65-75'

SCO + I,0»-^5C0» + Ii

, F G Am. Ch«m. J., S6. 345 (•«!)„, „
ie®: U^> Urey, ibid., S7. *9™

ni-2eii

r. u is oxidi«d when passed over iodine pentoxide at

The ruction U quantiUUve and may be used for the

,miration J carbon monoxide. If the mixture contains hydro-

JL some of the iodine reacts with the hydrogen. At higher tempera-

turM. the iodine pentoxide oxidises the hydrogen.

, s SCO + IiO» -* I| + 5C0t

bj
H. + I.-2HI

(j)
5Hi + I»Oi -» 5HtO + I»

j, I. Graham, and T. F, WinmilJ, J. Chem. Soc. (London). 106^ 0®“)^
^ ^

111-2612

Iodine pentoxide reacts with acetylene.

1,0, + C,H.^ I, + 2C0. -I- H,0

A. Oautier, Compt. rend., 142, 15 (1906)

CsiCO,
III-2613

Iodic anhydride is added to a soluUon of ceaum carbonate, precipi-

tating ce»um iodate.

1,0, + Cs.C0.^ 2Csl0. -I- (CO,)

Wheeler, Am. J. Sci., 44. 123 (1902)

Ret., T. V. Barker, J. Chem. Soc. (London), 93. 15 (1908)
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Iodine pentoxide is warmed with ammonia.

31,Oi + lONH, 5N, + 31, + 15H,0

in-2614

A. Gautier, Compt. rend., 142, 1$ (1909)

I.O.
Rb,CO,

Iodic anhydride is added to a solution of rubidium
precipitating rubidium iodate.

111-2615

carbonate,

1,0, + RbiCO,^ 2RbIO, + (CO,)

Wheeler, Am. J. 8ci., 44 , 123 (1902)

Ref., T. V. Barker, J. Cbem. Soc. doadoa), 93. 15 (1908) 57

1,0. .

so, 111-2616

Five grama iodine pentoxide and 20 g. sulfur trioxide are heated in a
closed tube for 24 hours. The product is dried in a stream of carbon

dioxide at 90-100^. A pale yellow solid is formed.

1,0, + 2SO, 1,0, ^Oi
M. M. P. Muir, J. Chem. Soc. (London), 95, 662 (1909) 57

IiO*

Zn in-2617

lodates are reduced to iodides when rubbed with sine powder.

IfO, + 6Zzi ^ Znl, + 5ZiiO

Merck, Pharm. Ztg., 50, 1022

Ref., J. Am. Cbem. $oc., 38, 1750 (1909) I
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in-2618

iodine pentoxide is heated above 300*. in vacuo, or m a current

'y Hrv air iodine and oxygen are parUally liberated, but apprwiable

queues of these products remain firmly occluded in the oxide.

2IiOt-»2Ij + 50j

M. Guichard, Compt. rend., 147, 1307 (1908)

I3»
III-2619

In order to trap mercury vapor, it ia allowed to react with iodine di-

sulfide, forming mercuric iodide.

Hg-l-I.S,-HgI,-K2S)

W. CtookM, Traill. Roy. Soe. (Loodoo). 178, 693 (1885)

EBr

KH(10,)i
III-2620

HiSO.

Chlorides may be separated from bromides by adding to a mixture of

them, sulfuric acid and hydrogen potassium iodate and distilling

the bromine and iodine that ia liberated.

KH(IO»)i -I- lOKBr -I- llHjSO,^ llKHSO, + 5Br, + Is + 8HsO

Bui*reiky, Z. Chcin., 10, 387 (1805)

L. W- Andrews, J. Am. Cbem. Soc., 20, 276 (1907)

2ti

K1
UI-2621

Dry powdered potassium iodide exposed to bromine, combines to

form potassium bromoiodide. The solid, when heated, loses iodine

bromide to form potassium bromide.

(a)

(b)

KI -I- Bn -* KIBr,

KIBr,— KBr -I- IBr

W. N. Rae, J. Chem. Soc. (London), 107, 1290 (1015) S7
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KI
Br, III-2622

NasStO,

The addition of an excess (1 ml. is sufficient) of potassium iodide

solution to free bromine liberates free iodine which may be measured

by titration with sodium thiosulfate solution to a starch end point.

(a) 3Bri + 6KI OKBr + 31,

(b) 31, + 6Na,S,0,-» CNal + 3Na,S40 ,

E. W. Koeois, Aoa). Ed., tl. 532 (1932) 44

Potassium iodide reacU with a^-dibromoethylene when the latter

is dissolved in methanol, at 76®C according to either of the two

following equations.

(a) + 2KI CjH, + 2KBr + I,

(b) C,H 4Br, + SKI CjH* + 2KBr + KI,

M- W. Brenn«r and Q. L- Poland, Anal. Ed., 10, 528 (1238) 44

KI

CaOCl,

HCl

in-2624

CeH4(OH),

Triiodoresorcinol is obtained by the interaction of potassium iodide

and resorcinol in the presence of calcium hypochlonte and hydro-

chloric acid.

eCaOCI, + 12KI + 12Ha + 2C.H.(OH),

eCaCl. + 6HI + 12KC1 + 2C,HIj(OH)s + 6HjO

Dfiffenor J f orakt. Chem., 20 j2, 324 (1872)

HcrTv (ifmac. J. Chem. Soc. (Londoo), U#a. 1041 (1919)
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111-2626

iodide to give cuprous lodifle. pouu»

2CuSO. + 4KI^ 2CuI + 2K^O. + I*

E, Pannsin, G»«. ehim. »«'. *5®
21

I1I-2626

”1 Wid. i. ..y b. w .™, .itb .i.™u.

acid (in presence of ft mineral acid.)

2KI + 2HN0. + H^O.- 1, + 2NO + K^O, + 2H,0

0. N. Lewi, and M ‘

ntU J- McCleodoa. Phy8»oL Rev., 7,

Kl
111-2627

HsOi

FeSO^

In the presence of ft dilute solution of ferrous sulfate, the reaction

hetween^potessium iodide and hydrogen peroxide w very sensitive, for

^starch indicator turns blue immediately. Probably ferrous iodide is

formed first and then decomposed.

FeSO, + 2KI -» Felt + KtSOd

(b)
Fell + HtO,^ Fe(OH)» + I*

C. Weltsien, Cocopt. rend., 62, 642 (1866)

KI
in-2626

Potassium iodide and hydrogen peroxide react to form potassium

dioxide and hydriodic acid.

2KI + HtOj^ KjOj + 2HI

M. C. Weltalen, Cbem- News, 13, 160 (1866)
lot
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KI
H,02 ni-2629

When hydrogen peroxide is added to a neutral solution of potassium

iodide, the liquid immediately becomes alkaline. Iodine separates

and oxygen is given off. The reaction appears to take place in three

steps.

(a) 2KI + H,0, K,0, + 2HI

(b) KtOi + HtO -4 2KOH + 0
(c) 2HI + 0^ H,0 + It

C. Weltsieo, Compt. read.* $8, 642 (1866)

KI
111-2630

Iodine separates >vben an aqueous solution of potassium iodide is

treated with hydrogen peroxide.

(a) 2KI + HtOt 2HI + KtOi

(b) 2KtO, + 2HtO 4KOH + 0,

(c) 0, + 4HI-*2H,0 + It

£. Sebdae. Ann., 166, 243 (1879) tO

KI

H2SO1 111-2631

An excess of concentrated sulfuric acid is added to potasrium iodide.

2KI + 3HiSO* 2KHS04 + 2HtO + SOt + 1*

H. Jackson, J. Cbem. 80c. (London), 43, 839 (1883)

HgClt

KI
UI-2632

When potassium iodide is treated with an excess of mercuric chloride,

the double salt 6rst formed decomposes with the precipitation of red

mercuric iodide.

(a) Hga, + 4KI^2Ka + HgIj'2KI

(b) HgCl, + Hgl.- 2KI^ 2KC1 + 2HgI,

0. Kaspsr, Analyst, 6, 203 (1881)
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ni-2633

KIO,

HCl
mixture of i>ota«aium iodide and potas-

Hydrochloric acid acts
f ^

slum iodate to liberate free iodine.

6HC1 + 5KI + KIO.- 6Ka + 3H.0 + 31,

M, Bl.ncheti.re. Boll. «c. chim. (Fr.n«) (4J. ». 304 (1818)

1II-2634

KIO,

HaSlF«
. ^ ,

.

Fluosilicic acid is decomposed by a mixture of potassium iodate and

iodide.

6KI + H,SiF, + KIO,^ 3K,F, + SiO, + H,0 + 31,

A, Hilemaa. Am. J. Sci. (41. W. 383 (1906)

KI

KMnO
I1I-2636

The determination of iodine in the presence of chlorine and bromine

involves the following reactions:

(8)

(b)

(0)

KI + 2KMn04 + H,0 -» KIO, + 2KOH + 2MnO,

KIO, + SKI + 6HC1 -* 6KC1 + 3H,0 + 31,

31, + 6Na.S,0, -» 6NaI + 3Na,S,0,

B.ughmMi Mid Skinner, 3. lod. Eng. Ch«n., 11, 563 (1919)

R^f., J, W. Sale, J.A-O.A.C-, 4, 380 (1921)

KMnO,

KI
m-2636

Potassium iodide is boiled with a soluUon of potassium permanganate.

3KI + 6KMnO. + 3H,0 -» 3KIO, + 6MnO, + 6K0H

Groeg«r, Z. angew. Chem., 13, 52 (1894)
96
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KI
KOBr I1I-2637

In the estimation of anions, the use of hypobroraite gave results 2-4%

higher than the theoretical. This error is avoided by the use of excess

bromide. Kolthoff and Stenger* have shown that errors may be

avoided by the use of calcium hypochlorite with excess KBr. Under

these conditions, ''bypobromite in statu nascendi*' is also formed,

which immediately reacts Tvith oxidizable substances. Direct

titration is posable using potent4ometric methods.

The addition of a known amount of arsenite (which must be corrected

for) induces the following reaction n*ith iodides:

KI + 3KOBr KIOi + 3KBr

0. Tomiiek and P. Filipovi^, Coll. Csecb. Com., 10, 340 (1038) 87

KI
111-2638

HCl

By operating at a cold temp, potassium chromate reacts with potas-

sium iodide and hydrochloric acid to give potassium chloride, chromic

chloride, water and iodine.

2KjCr04 + 6KI + 16HCI lOKCl + 2CrCU + 8H*0 -h 61

GiDO GsUo, Gass. chim. ital., 87*, 459 (1907)

KjCfsO?

KI
m-2639

Pure iodine may be obtained by treating potasaura iodide with

potassium dichromate and sulfur trioxide.

(SKI + KjCnO? + 7SO» -* 31, + Cr,(SO.), + 4K,804)

M. Lucha, Chem. News, 6, 171 (1862)

• I. M- Kolthoff and V. A. Stonger, AaaJ. Ed., 7, 79 (1985)
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III-2640

sulfate ia transformed into ammonium iodide on the

addition of potassium iodide.

((NH4)tS04 + 2KI KjSO* + 2NHJ)

Jacobsen, Chem. News, 9, IW (1864)

Wt

Ot

KI
111-2641

In presence of light. soluUons of iodides are altered by oxygen,

according to the equations.

41“ + 4H'*‘ + Os- 2Is + 2HiO

is + i--»r
(6)

(b)

r TAnai J Phys. Chem., 64, 678 (1980)

Ref., L- de Brouckirt, J. Chim. 543 (1930)
69

KI
111-2642

0,

Osone oxidises potassium iodide in solution.

Os + 2Kl + HsO -Os + I* + 2KOH

C. Harries, Z. Elektroehem., IT, 632 (1911)
S6

KI

Os

HCl

111-2643

For the quantitative determination of small amounts of ozone the

ozone is absorbed by an acidified solution of poUsaum iodide.

2KI + Os + 2HCI- Os + Is + 2KCI + HsO

W. B. Vaughan and W. A. Noyes, Jr.. J. Am. Chem. Soc., 62, 560 (1930) 16
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t

KI
111-2644

The electrolysis of potassium iodide solutions in acetone yields iodine

at the anode.

(2KI ^ I» + 2K)

Lasczynski, J. Rusa, Pby$. Chem. 8oc., 32
1
797 (1900)

Ref. E. H. Arehibeld &nd L. A. Rguet, Trans. Roy. Soc. (Canada) (III), 11, 107

(1917) 69

t

KI
111-2846

If electrodes are introduced into a solution in which ferric chloride is

being reduced by potaswum iodide, the iodide, and not the ferric salt,

is reduced.

KI + H,0 -* KOH + HI

D, A. Welsh, Tr*n». Roy. Soc. (C»i.«d«) IIII), T, 209 (1913) 09

K10>

Cl,

(KOH)

Chlorine is passed into a hot, strongly alkaline solution of potasaum

iodate. The periodate separates in tetragonal bipyramids.

KIO, + a, + (2KOH) — KIO, + (2KC! + H.O)

RamCDcUberg, Ann. Phye. Chem., X84, 368 (1868)

Ref,, T. V. Barker, J. Cbem. Soc. (London), 98, 16 (1908)
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HF

UI-2647

lype reaction occurs with sodjum, cesium, rumam

iod&tes.

(a)

(b)

(c)

(d)

(e)

KIO, + 2HF -» KIOiF, + H,0

N#IO, + 2HF^ NaIO,F, + H,0

CsIO, + 2HF- CslOJ, + H,0

RblO, + 2HF - RblOtF, + H,0

NHJO, + 2HF -* NH,IO«F, + H,0

R, F. WeiQUnd and 0. Uueaalein. Z.

S8

KIO,

HiSbO,
ni-2648

HCl

At a low range of acidities (2.4-3.5IV acid) there is a deBnite endpoint

b the reduction of iodate to iodine by antimonites.

tartrate the acidity may be as low as lAT a). At

the iodine liberated in (a) is oxidised to iodine monochloride (b).

{a) 2KI0, + 5H,SbO, + 2HCI- I, + bH^bO, + 2KC1 + H,0

(b) 21. + KIO, + 6Ha^ 5IC1 + KCl + 3H,0

N. H. Furman and C. O. Miller, J. Am. Chem. Soc., 69, 189 (1937)

El

ECl

KIO,
111-2649

The following reaction has been used as a source of radioactive iodine

in the introduction of iodine into aniline and insulin.

KIO, + SKI -I- 6HC1 -* 31, + 3H,0 + 6KC1

I. Reiner, A. S. Keaton and M. Green, Science, 96, 362 (1942)
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KIO,
EX 111-2660

H2S04

When under normal temp, potassium iodate and potas^um iodide are

allowed to react with dilute sulfuric acid, iodine is extracted from
both iodide and iodate.

KIO, + SKI + 6HtSO*- 6KHSO4 + 3HiO + ZU

M. Spica, Gass. ehim. ital., 84’, 91 (1894) ft

KIO,
MoOs 111-2661

A solution of one part of potassium |>eriodate and one part of molyb-

denum trioxide is boiled for some time. Crystals of the double

compound separate.

2KIOi + 2MoO,^ KiOI,Or2MoOi

A. BosenhoiTn and O. Licbknecht. Ann.. 806, 40 (1899) 60

KIO4

111-2652

With excess periodate present potassium iodide and periodate form

potassium iodate.

3K10i + KI 4K10,

H. H. Willard and L. H. Greathouse, J. Am. Chem. 80c., 60, 2869 (1988) 16

KIO 4

ni-2663

HaBOa

In the formation of iodate from excess periodate and iodide, the

excess of periodate may be determined by titrating with standard

arsenite the iodine liberated from iodide in neutral solution.

KIO 4 + 2KI + 4H,BOt KIO, + It + K,B407 + 6HtO

H. H. Willard and L. H. Greathouse, J. Am. Chem. 80c., 60, 2869 (1938) H
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in-2664

HCl
po,d.,«i i.

(sp. 6- O.W)
nitrcwen iodide is washed with water

brown mixture of

j
A sharp crackling noise indi-

,„d several cc
HCl is used to carry the iodine

cates a violent reaction. e-xce»

monochloride which is formed into soluUon.

NH.-NI. + 5HCI-3IC1 + 2NH.CI

L. B. Howeli aad W. A. Noyea. d. Am. Chem. See.. «. 1009_ 0920,
16

NH4Hi(IO,)i
II1-2655

KasSgO)

Sodium tetrathionate is formed when ammonium tri-iodaU is titrated

with sodium thiosulfate.

3NH.H.(I0.), + ^ + Nal + 3H.0 + 3KH.IO,

111-2666

Solubility results in the NHJ-iodine-bensene and toluene systems

show that NH4I, is the only binary periodide which forms above 6 C.

Sbehaviorls entirely unUke that of KI which does form a ternary

solvated compound but no binary iodide.

NH.I + Ii-*NH.1,

H. W. Foote end W. Bradley, J. Phye. Chem., 87. 31 (1933)

111-2667
“A . j-1

The presence of ammonium iodide in liquid ammoma may be readily

detected by sodium which will liberate hydrogen.

2NH4I -1- 2Na^ 2NaI -I- 2NH, + H,

W. C. Johnson, G. H. Morey, and A, E. Kott, J. Am. Cbem. Soe., 64, 4280 (1932)
^ ^

16
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Nal
(CH4)jCO

III-2668

A crystalline compound NaI*3(CHi)iCO is produced by dissolving
anhydrous sodium iodide in hot acetone, and then cooling to room
temperature. The compound is decomposed by heating.

(a) Nal + 3(CH,)tCO ^ NaI-3(CH,)tCO
(b) Nal 3(CHt)iCO Nal + 3(CHt)tCO

K. Shjpaey and E. Wem«r, J. Chem. Soc- (London), 108, 1256 (1013) $7

Nal
COCU m.2669

Phosgene, free from acid gases, may be absorbed in saturated (1.9 per
cent) acetone solution of sodium iodide.

COa, + 2NaI CO + 2Naa + It

M. P. Matusisk, Anal. Ed., 6, 457 (1934) ^4

Nal
CeCSO*), ra-2660

HCl

The oxidation of iodide ion by ceric sulfate has been shown to proceed

as follows.

2NaI + 4Ce(S04)* + 2HCI
2Ot(S0,)» + NaiSOt + 2ICI +

D. T. Engiia and A. A. Knoepfelmacber, Anal. Ed., 17, 893 (1945) 44

Nal
Ce(SO0t m-2661

H3O

Sodium iodide may be quantitatively oxidised by ceric sulfate solution

in the presence of hydrochloric acid according to the following

equation.

Nal + 6Ce(S04)i + 3HtO^ NalOi + SCeiCSOO, + 3H 1SO4

W. W. Hilty and D. T. Wilaon, Anal. Ed., 11, 637 (1939) U
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in-2662

(CH,)jCO

Pure acetone may be prepared by dissolving sodium iodide

fn the acetone solution by gentle warming. The solution so P^^^red

s Pooled to ordinary temperature, or better to -8 by an ice-salt

l-Z^re The crystalline product, NaI-3C,H.O, separates out, and

is filtered and washed. The pure acetone is obtained from this by

heating and collecting the acetone.

(a)
Nal -h 3(CH»)«CO -» NaI-3(CH,)«CO

(b)
NaI-3(CH»)jCO ^Nal + 3(CHi)iCO

Kathleen 3hip«y and E. A. Werner, J. Chem. 8«. (Undon). lOS, 1255 (lUIS) ts

Nal
III-2663

A colloidal solution of iodine, stabilised with gum arabic, may be

formed by rapidly acidifying a cold dilute solution of sodium iodide

and sodium iodate (proportion of five to one). A more stable

solution is formed under similar conditions by employing hypoiodous

acid, freshly prepared. (Treat a 1-2% soluUon of NaOH with

iodine until a red color forms. Decant from excess iodine.)

(a)

(b)

(c)

(d>

(e)

W.L.

2HCI + Nal + NaIO»-» 2NaCl -I- HI -I- HlOj

5HI + HIO,-*3Ij + 3HiO

2NsOH -H» -* Na,I(OI) -h H,0

N8jl(0I) + 2HC1- 2NaCl + HI + HOI

HI -f- HOI- I* -t- HsO

Chandler and E. S. Miller, J. Phya. Chem., Si, 1092 (1927) 85

MoOs

NalO,
1II-2664

A solution of one part of sodium iodate and one part molybdenum

trioxide is boiled for a long time. The boiling solution is filtered and

from the filtrate colorless crystals separate. These are the double

compound of sodium periodate with molybdenum trioxide. NajOIsOs

•2MoO,.
2NaIO, + 2MoOj -* Na,OIi08-2MoO,

A. Ro8eDhttDi and 0. liebknecht, Ann., 308, 49 (1899)
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NalOi
Ba(NOi)2 III-2666

UiO

Sodium periodate i$ treated wiih a solution of barium nitrate.

2NaI04 + 2Ba(NOi), + HiO BaJA + 2NaNO, + 2HNO»

C. F. Rammelsberg, Pogg. Ann., 184, 391 (1868) B6

NaOI
NaOCl I1I-2666

NaOH
Sodium hypoiodite quickly decomposes according to equations, (a)

and (b).

(a) 3NaOI 2NaI + NalOi

(b) NaOI + 3NaOa + NaOH + HiO ^ 3NaCl + RjNajIOi

W. M. Dehn, J. Am. Chem. 8oc., 88, 1699 (1911) /

NaOI
NasS,0, m-2667

Iodine in alkaline solution forms hypoiodate which reacts with sodium

thiosulfate giving iodide and sulfate.

(2NajSaO, + 4NaOI + 2NaOH SNa^O* + 4NaI + HjS)

J. F. Batey, Analyet, 36, 132 (1911) 40

NasHiIOi

AgNO, ni-2668

Ad aqueous suspension of sodium periodate is shaken with a neutral

aqueous solution of silver nitrate for a long time. A precipitate of

silver paraperiodate forms.

Na,H,I04 + 3AgNO, Ag»IO> + 2NaNOj + HNO, + H,0

0. RoscDheim aod 0. Lieblmecbt, Ajm., SOS, 57 (1899) iO
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H»0
Sodium dimesoperiodate reacte with hydrogen peroxide.

Na,H,IO, + H,Ot NalO, + NaOH + 2H,0 + 0,

V. Auger, Compt. rend., 163, 1005 (lOH)

III-2669

SS

NatHsIOi

Sodium dimesoperiodate reaota with iodine.

2Na.HiIO« + Ij -* 3NaIO, + Nal + 3HjO

B, Pecard, Compt. rend., ISO, 1705 <1000)

III-2670

6NaiOI,Orl2WO,

KCl
I1I-2671

An aqueous solution of pentasodium hexatungstate periodate treated

with potassium gives the potassium hexatungstate periodate. Itus

salt crystallises with eight HjO. .... _
A similar reaction occurs when this reagent is treated with strontium

chloride or barium chloride. The strontium salt crystallises with

twenty eight HtO and the barium salt with twelve H»0.

5Na,0I,0, 12WO, + lOKCl ^ 6K,0I,0, 12WO, + lONaCl

A. Roflenheim and 0, Li«bkn«ht, Ann., 803, 61 (1800)
to

NftsHtlO,

CHiOH CHOH CH2OH

HtSO.

A typical oxidation of an or^nic compound using periodic acid may

be illustrated by citing the determination of glycerol. The reactions

are as follows:

(a) CHiOH •CHOH • CHtOH + 2Na,HtIO, + 2HtS04

^ 2HCHO + HCOOH + 2NaIOj + 2NaiS04 + SHjO

{b) NaaHilOi + Na,AsO, + 2NaHCO,

^ Na,As04 + NalOt +. 2Na,CO» + 21iiO

G. F. Smith and F. R. Duke, Anal. Ed., 16, 120 (1043)
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NftilfO#
Sr(N03), III.2673

Sodium dimesoperiodate reacU with strontium nitrate in dilute

ammoniacal solution.

2Na,I,0, + 3Sr(NO0t ^ Sr,(IO»), + 2NaIO, + 6NaNO,
A. Ihie, B«r., S, 316 (1870) f$

Rbl
ni-2674

Dry powdered rubidium iodide, exposed to bromine, combines to
form rubidium bromo*iodide. The solid, when heated, liberates

iodine bromide.

(a) Rbl + Bf,-^RbIBri

(b) RblBr, RbBr + IBr

W. N. Rae, J. Cbem. Soc. (Loodoa), X07, 1290 (1015) 57

Rbl
CU ni-2675

RbOH

Chlorine is passed into a hot, concentrated soluUon of rubidium iodide

and hydroxide, whereby the sparingly soluble iodate is precipitated.

Rbl + 6RbOH + 3CU RbIO» + (6RbCl + 3H,0)

T. V. Barker, J. Chem. Soc. (Loodon), 98, 15 (1008) 57

Rbl

I, m-2676

At 6^ and 25^0 the binary compound Rbl) is the only stable solid in

the It-Rbl-toluene system. Two ternary polyiodides, Rbl • 61 •4CeHe

and RbL7L4C)Hft are stable in the li-Rbl-benzene system.

(a) Rbl + I» Rbl,

(b) Rbl + 31, + 4CiHi — Rbl*6I*4CiH,

(c) Rbl f 3JI, + 4Cm,-^ Rbl 71 4C,H,

H. W. Foote and M. Flebcber, J. Phya. Chem., 44 , 640 (1940) S6
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I1I-2677

CU

(KOH) , , . . ^

Rubidium iodate is oxidised to the periodate by passing chlonne into

hot, strongly alkaline solution of rubidium iodate.

RblOa + Clt + (2KOH) ^ RbIQi + (2KC1 + H*0)

T. V. Barker, J. Chem. Soc. (London), 98, IS (1909)
^

RblOi HlOi
1II-2678

HF
By cooling off a heated solution of acid rubidium iodate in 40%

hydrofluoric acid, crystals of rubidium tetrafluorodiiodate are

obtained. .

RblOi HIOj + 4HF- RblOt-2FrHIO> 2HjO

It. F. Woinland and 0. KSppcn, Z. anorj. Chen.. 29, 256 (1900)

SdI4

A solution of stannic iodide in liquid ammonia reacts with potassium-

imide.

SdI 4 + 6KNH, 4KI + K£n(NHj)*

FitJgerAld, J. Am. Chem. Boo., 29, 1693 (1907)

Snl4

KOH “^-2680

Stannic iodide reacts with a solution of potassium hydroxide.

Snl4 + 6KOH^ 4KI + K,Sn(OH)«

Fitsgerald, J. Am. Cbem. Soc., 29, 1693 (1907)

VOtilOth
111-2681

Uranyi iodate is decomposed by a boiling solution of potassium

chloride.

2UOs(IO,)« + 2Ka^ KIO» + UO^U + UOjKCIOa)^

P. Aitmann, Z. anorg. Chem., 80, 280 (1913)
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111-2662

AgilrCU
HCl

A
The free acid is obtained when silver hexachloroiridate is treated with
hydrochloric acid. Oq heating this, tetrachloroiridious acid is

produced.

(a) AgJrCU + 2HC1 H,IrCU + (2AgCl)

(b) HjIrCU-^ HIra4 + (HCl + Cl)

Duffour, Compt. reod., 162, 1393, 1591

Ref., J. L. Howe, J. Am. Chem. Soc., 84, 160 (1912) J

AgiIr(Ct04)i

HCl lU-26d3

The free acid is formed when the silver salt of tri-oxalatoiridioua acid

is treated with hydrochloric acid. This, by a reversible reaction goes

over into diaquodioxalatoiridous acid.

(a) Ag»Ir(C,04)i + 3HCI H,Ir(Ct04)i + (3AgCl)

(b) Htlr(Ct04)j + 2H,0 HIr(HjO)t (CiOOi + HtCiO*

Duffour, Compt. read., 158, 1393, 1591

Ref.. J. L. Howe, J. Am. Cbem. Soc.. 84. 160 (1912) I

CuiIr,(CN)w

RH, in.2684

HtO

Blue colored crystals are formed when a solution of ammonia is

added to copper iridium cyanide.

Cu,Ir,(CN)i, + 6NHi + 4HjO lrt(CN)u>Cu>(NHt)e 4HiO

E. Rimbseh and F. Korten, Z. anorg. (Them., 62, 406 (1907)

750
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111-2686

The reactions by which metallic iridium is changed a soluble

chloride may be represented by a single equation

Ir + 4Cl + 2C1- -* IrCl7

E. Wichers, W, G. Schlecht, and C, L. Gordon. B. S.. J. lU.., 3S._36_6 ^9«) 16

Ir

CU
111-2686

Iridium hexachloride is syntbcased by passing chlorine over Ir

metal at 360-400^0. It is a greenish yellow solid with a melting point

of approximately 30^C.

Ir + 3CU-*IrCl.

0. Ruff and J. Flacber, Z. Elektrochem., 88 , 560 (1987)
se

CU

Ir
I1I-2687

Iridium tetrachloride is formed by passing chlorine over iridium mixed

with sodium or potassium chloride at low red heat.

Ir + 2Cli-* IrCIi

A Gutbier, Z. phyaik. Chem., 69, 304 (1909)

A. Gutbier and M. Rieaa, Ref-, Ber., 42, 3906. 4770 (1909)

Ref., J. L. Howe, J. Am. Chem. Soc., 88 , 187 (1911)

Ir
^

(KF)sHF PbF*

A mixture of potassium and lead fluoiridates is formed when finely

powdered iridium is heated with the double salt of lead tetrafluoride.

2((Kr) 3HF PbF4) + 5Ir + SKjIrFi -h 2PbIrFg -b (8H2)

H. I. Schlesinger and M. W. Tapley, J. Am. Chem. 80c., 46, 281 (1924)
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Ir

NaCl I1I-2689

CL
Ammonium chloroiridate is prepared by heating in a combustion tube

a mixture of sodium chloride and iridium black and passing in chlorine,

(a). The sodium chloride formed is dissolved and treated with

ammonium chloride and chlorine (b).

(a) (Ir + 2NaCl + 2CU NatIrCU)

(b) (NatIrCU + 2NH4a (NHOiIrCU + 2NaCl)

A. Gutbisr, Ber.. 42. 3905 (1900)

Ref., B. H. Archibald a&d J. W. Kem, Trmna. Roy. 8oc. (Caoada) III II, 11, 7

(1917) B9

IrCIi

NH*OH 111-2890

When iridium trichloride is treated with boiling concentrated ammon-

ium hydroxide at least three ammoniacal compounds are formed:

a tri- (difficulty soluble), a tetra-, and a penta- (easily soluble)

ammonium iridium chloride.

(a) IrCU + SNHiOH Ir(NHt)iCU + (3HtO)

(b) IrCli -f 4NH4OH Ir(NH,)4Cli H- {4HtO)

(c) IrCli + 5NH4OH Ir(NH,)tCli + (5H,0)

J. Undin, Sv. Keen. Tidsk., I, 87 (1889) iO

Ira,

NaBrOi m-2891

When sodium bromatc is added to hot trivalent iridium ions, the

iridium is oxidised to the quadrivalent form.

eirCl, + 6HC1 + NaBrO,^ ClrCl, + (NaBr + 3HsO)

Gilchrist, B. 3. J. Res., IS, 294 (1934)
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111-2692
HaHCOa

When trivalent iridium ions are treated with sodium hydrogen car

bonaW, a flocculent, gelatinous precipitate is formed.

2IrClj + 6NaHCO,- IriO.-HiO + (6NaCl + 8CO. + 2HSO)

GUchrist, B. S. J. Res., 18, 295 (1934)

KaNOj

Ira,
m-2693

NH.Cl

Iridium can be separated from plaUnum by precipitating the double

ammonium nitrate (a).

The mother liquor is heated with hydrochloric acid and the platinum

precipitated, (b).

(a) fTrCU 4- 4NaNOi + NH^Cl -> NH.lr(NO,). + 4NaCl)

(b) Pt(NO,), + 4HC1 + 2NH.CI- (NH,),PtCl, + 2H,0 + 2NO)

Leider, Compt. rend., 181, 888 (1900)
f, , , ,tth tt i

Bef., E. H. Archibald and J. W. Kern, Trans. Hoy. 8oc. (Canada) (III), 11,
"

(1917)

IrCU

CsHiNHCl

CeHsNHr HCl

m-2694

A solution of iridium tetrachloride will react with pyridine hydrochlo-

ride. Black needles will be obtained. The same type reaction

occurs with aniline hydrochloride.

(a) IrCU -1- 2CjHsN - HCl^ IrCTs (2CsH>N HCl)

(b) IrCU -1- aCsHsNHr-HCl ^ IrCU (2C.HtyH»- HCl)

E. Rimbach and F. Korten, Z. anorg. Chem., 62» 345 (1907)
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IrCl4

HaS m.2696

Hydrogen sullide will precipitate iridium disulfide in solutions which

contain 20% concentrated hydrochloric acid by volume, The com-

plete precipitation requires treatment with hydrogen sulfide for

2-3 hourSf the solution being kept just below the boiling point, while

a furly rapid stream of hydrogen sulfide is being passed into it.

IrCli + 2H*S + (4HC1)

Hillebrand and Lundell, Applied loorgaaie Asalysii, 27S (1929) &S

ItO,

KNOj III-2696

If a solution of iridium tetrachloride is warmed with potassium

nitrite, an olive-green coloration is produced. If, however, the

solution is boiled with an excess of KNOi for some time, it becomes

yellow, and a part of the iridium settles out as a yellowish-white

powder, difficultly soluble in cold hydrogen chloride or hot water.

(a) Ira, + KNOi IrQj KCl + NO,

(b) 2IrCl, -b 6KNO, KdIr(NQ,)J KilIrCU)

Treadwell and Hall, Analytical CbemUtry, 5tb ed., 1. 569

NaOH
IrCL

m-2697

Sodium hydroxide added to a solution of iridium tetrachloride or

sodium chloroiridatc changes the color from dark red to green.

Warming changes it to asure blue.

2IrCl4 -b 2NaOH ^ 2IrCI, + NaCl + NaOa + H,0

Treadwell and Hall, Analytical Chemblry, 5th. Ed., 1, 669
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liaOH

IrCl*
in-2e98

When chlorine is passed into a hot, alkaline solution of iridium

tetrachloride, iridium tetrahydroxide is precipitated.

ItCU + 6NaOH + Clj- Ir(OH)4 + (NaOCl + 6NaCl + HiO)

OilchrUt, B. 8. J. Res., 19, 2$4 (1964)

IrCU

NaHCO,

When sodium acid carbonate is added to a boiling solution of quadri-

valent iridium ions, the deep green hydrated oxide, which is quite

granular, is formed and precipitated. The reaction is complete at pH

of 4-6.

IrCU + 4NaHC0, lrO> 2H>0 + (4NaCl + 400,)

Gilchrist, B. 8. J. Res., IS, 295 (1934) 9S

RbCl

IrCU
ni-2700

By mixing together a solution of iridium tetrachloride with a solution

of rubidium chloride in excess, a deep red precipitate will be obtained.

IrCU + 2RbCl IrRbsa#

E. Rimbaoh and F. Korteo, Z. anorg. Chem., 52, 406 (1907) es

Zn

IrCU
III-2701

Iridium can be separated from platinum by precipitation from an acid

solution of iridic chloride by means of zinc (a). The precipitate

is treated with aqua regia and the residue is converted into potassium

chloroiridate (b).

(a) (IrCU + 2Zn ^ ZZuOi + Ir)

(b) (Ir + 4HCI + 2KCI KilrQ. + 2Hj)

U. Anthony, Gass. chim. ita!., 22, 275

Ref., E. H. Arctdbald and J. R. Kem, Trans. Roy. Soc. (Canada), [111], 11, 7

(1917) 69
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Ir(NH,)*Br(NO,),

HiSOi HI-2702

When iridiumpentamzniDobromonitrite is treated with sulfuric acid,

the xutrous acid evolved, alcohol added, and the precipitated bromo-

sulfate recrystallized from water; yellow, lustrous tablets of mono-
hydrated iridiumpentamminobromosulfate are formed.

Ir(NH,)4Br(NO,), d- -h HtO
^ (2HNO,) + Ir(NH.)*BrSOrH*0

W. Palmaer, K. Sven. Vet. Ak. Handl. Ofvera., 48, No. 6, 417 (1891) SO

Ir(NHt)tBr,

AgNOs 111-2703

Solutions of iridium pentamminotribromide and silver nitrite are

mixed, the silver bromide filtered off, and the filtrate yields light-

yellow, thick, well-formed prisms of anhydrous iridiumpentammino-

bromonitrite.

Ir(NH,)eBrt + 2AgNOt 2AgBr -f Ir(NHi)iBr(NO«),

W. Pftlmser, K. Sven. Vet. Ak. Hudl. Ofven.. 46, No. 6, 417 (1891) W

Ir(NH,)»a(NO,),

HtSiFe ni.2704

Mixed solutions of iridiumpentammiDOcbioronitrate and duosilicic

acid yield an immediate white scale-like precipitate of iridium-

pentarnminochlorofluosilicate.

Ir(NHi)»CUNO,)t + HtSiFe (2HNO,) H- lr(NHe)eClSiFe

W. Pslmaer, K. Sven. Vet. Ak. Handl. Ofvera., 46, No. tO, 368 (1669) 10

KI

Ir(NHt)eCl(NO,)i
m-2706

When solutions of iridiumpentamminochloronitrate and potassium

iodide are mixed iridiumpentamminochloroiodide precipitates as an

immediate, whitish-yellow, crystalline powder.

Ir(NHi)iCl(NO»)i + 2KI Ir(NH>)tai> + {2KNOe)

W. Palmaer, K. Sven. Vet. Ak. Handl. Ofvere., 46, No. 10, 368 (1889) SO
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Ir(NH,)*Cl(NO,),
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,
III-2706

K4Fe(CN)»

Mixed solutioDs of iridiumpeDtammmochloronjtrate and potassium

fccrocyanide yield slowly light-yellow, feathery crystals of iridium-

minochloroferrocyanide.

2Ir{NHi)sCl(NO,)i + K4Fe(CN).
(4KNOj) + (Ir(NHi)4Cl)*-Fe(CN)e

W. Pftlmaer, K. Sven. Vet. Ak. Handl. Ofvere., 46, No. 10. 368 (1889) W

Ir(NHi)»Cl(NO0*

(NH*)iC,0*

Solutions of iridlumpentamminochloronitrate and ammonium oxalate

react and yield fine white needles of anhydrous iridiurapentammino-

chlorooxalate.

II1-2707

Ir(NH*)4Cl(NO0t + (NHOtCA (2NH 4NO,) + Ir(NH,)iClCi04

W. Pftlmaer, K. Sven. Vet. Ak. Hand!, Ofvert., 4$, No. 10, 367 (1889)

BaBrj

lr(NHi)sClS04
ni-2708

Solutions of iridiumpentamminochlorosulfale and barium bromide

are mixed, the barium sulfate filtered off, and the filtrate yields light-

yellow, rhombic crystals of anhydrous iridiumpentamminochlorcK

bromide.

lr(NH,)»ClS04 + BaBr, WNHO^ClBr, + BaS04

W. Pftljnaer, K. Sven. Vet. Ak. Handl. Ofvers., 46, No. 10, 364 (1889) JO



758 ENCYCLOPEDIA OF CHKMK^AL REACTIONS

Ir(NHi)»ClSO<

BaCOs I1I-2709

HI

A solution of iridiumpentamminochlorosulfaU is mixed with barium

carbonate and bydriodic acid, the barium sulfate filtered off, and the

filtrate yields yellowish brown rhombic crystals of anhydrous iridium-

pentamminochloroiodide

.

lr(NHi)$CIS04 + BaCO, H- 2HI

-• BaSQ4 + Ir(NH,)4ClI» + (CO, + H,0)

W. Palmwr, K. Sven. Vet. Ak. Handl. Ofver*., 46. No. 10, 366 (1889) lO

BaCU

Ir(NH»)*ClSOi
m-2710

Solutions of iridiumpentamminochlorosulfate and barium chloride

are mixed, the barium sulfate filtered off, and the filtrate yields

light-yellow, octahedral crystab of anhydrous iridiumpentammino-

trichloride.

Ir(NH,)4ClS04 + BaCl, BaSQ4 + Ir(NHi)4Cli

W, Pslmaer, K- Sven. Vet. Ak. Haodl. Ofvert., 46. No. 6, 361 (1889) 10

Ba(KO,),

Ir(NHj)4ClS04
m-27il

Solutions of iridiumpentamminochlorosulfate and barium nitrate

are mixed, the barium sulfate filtered off, and thefiltrateyieldsclusters

of whitish-yellow, rhombic crystals of anhydrous iridiumpentaramino-

chloronitrate.

Ir(NH4)iClS04 + Ba(NO»),^ Ir(NHi)4Cl(NOi), -h BaSOi

W. PaJmacr, K. Sven. Vet. Ak. Hand!. Ofvers., 46, No. 10, 366 (1889)



IRIDIUM

Ir(NH,)$CI,
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111-2712

AgNO?
,

Solutions of iridiumpentammlnotrlchloride and silver nitrite are

mixed the silver chloride filtered off, and the filtrate yields light-

yellow, well-formed, prisms of anhydrous iridiumpentammmo-

chloronitrite.

Ir(NH,)»Cl, -t- 2AgNO,- Ir(NH,).CI(NO,), + 2AgCl

w. Palmner, K. Sven- V«l. Ak. H»ndl. Ofvers.. 46, No. 10. 366 (1889)

HjSO.

Ir(NH,).C1,
in-2713

CjH.OH
Iridiumpentamminolrichloride is treated with concentrated sulfuric

acid and alcohol added to precipitate the chlorosulfate. which on

recrystallisation from water yields long, light-yellow prisms of

di-hydrated iridium pentamminocbJorosulfate.

Ir(NH,)6Cl, -h HiSOi -h 2H,0 Ir(NH,)4C1804-2(H»0) + (2HCI)

W. Pftlmaer. K. Sven. Vet, Ak- Handl. Ofvew., i6» Nd. 10, 302 <1889) 10

MNHOiCl:

KOH III-2714

Solutions of iridiumpentamminotrichloride and potassium hydroxide

yield when boiled iridiumpentamminotrihydroxide.

Tr(NH4)4CU + 3KOH lr(NH,)e (OH)i -h (3KCI)

W. Palmacr, K, 8v«n. Vet. Ak. Handl- Ofvere., 48. No- 6, 424 0891) W

PtCl*

Ir(NH4)4CU
III-2716

When solutions of iridiumpentamminotrichloride and of platinum

tetrachloride are mixed iridiumpentamminochloroplatinate precipi-

tates as a heavy, orange-yellow powder made up of small, rectangular

tablets.

Ir(NH,)4CU + PtCU Ir(NH4)4Cl< PtCl4

W. Palmaer, K, Sven. Vet. Ak. Handl. ^vera., 46, No. 10, 367 (1889) 10
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Ir(NH,)iCU
A 1II-2716

Iridiump«nUmminotrichloride, when heated, breaks down into

iridium, ammonium chloride and ammonia.

2Ir(NH,)sCU + A ^ 2Ir + 6NH4CI + 2NH* + (N,)

W. Palmier, K. Sven. Vet. Ak. Haodl. Ofvera., 46. No. 10, 361 (1680) W

Ir(KH,)»H,0(N0,)i
A in-2717

IridiumaquopentammiDOtriiu irate, when heated yields iridium*

pentammlnotrinitrate.

Ir(NHj)fHtO (NO»), + <H,0) + Ir(NH,)»(NO,)i

W. Palmaer, K. Sven. Vet. Ak. Kandl. Ofvere., 48. No. 6. 425 (1801) JO

Ir(NH,) 4{OH),

HNO, ni.2718

IridiumpentamnuDOtrihydroxide, treated with nitric acid yields rhom-

bic crystals of iridiumaquopentamminotrinitrate.

Ir(NHi)s(OH)i + 3HNOi^ (2H,0) + Ir(NH,)rHtO‘ (NO,),

W. Paltnaer, K. Sveo. Vet. Ak. Hand). Ofvers., 48, Ko. 6, 424 (1891) 10

UiSOi

lr,0 ,

in*2719

When iridium oxide is dissolved in dilute sulfuric acid and the

solution allowed to crystallise in a vacuum, iridium sulfate isobtcuned.

Ir,0, + 3H,SO,^ Ir,(S04), + 3H,0

L. Marino, Z. anorg. Chem., 43, 213 (1904) ts
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IrsOi

701

1II-2720

Analysis of the temperature-pressure curve for the formal dissod^

Uon of iridium oxide shows that this process takes place m two steps.

2Ir,0»;:i3Ir0j + Ir

IrO,=±Ir-kO»
(a)

(b)

L. Wehler and \V. WiUtnwin, Z- Eleklrochem., 14, 103 (1908)
se

Ir,(S0,).
m-2721

CssSO«

A solution of cesium sulfate is added to a solution of iridium sulfate.

On concentrating and cooling the solution, crystals of indium-

cesium alum are formed. The same type reaction occurs with

rubidium sulfate, potassium sulfate, ammonium sulfate and thallous

sulfate.

Ir,{SO,), + CstSO, -I- Iri(SO.)i CstSO. 24HjO

L, Marino, Z. anorg, Chem., 42, 213 (1004)
£8

SOH
K Ir(H,0),(C,04)i

I1I-2722

A hydroxyaquo salt is formed by the acUoD of potaasium hydroxide od

the potassium salt of diaquodioxalatoiridious acid.

KIr(HsO),(C,04)* + KOH - K,Ir{0H)(H,0)(Ct04)t + (H*0)

Duffour, Compt, rend., 182, 1393, 1891

Ref., J. S. Howe, J. Am. Chem. Soc., $4, 160 (1912)

H2C2D1

KjIrCU
111-2723

K?(H20)IrCU is obtained readily by reduction of the chloroiridates by

oxalic acid, evaporating to dryness to expel the HCl formed and to

crystallize the salt.

2KJrCl6 + H,C,04 + 2H,0 2K,(H,0)IrCU + 2C0» + 2HC1

M. M. Delepine, BuU. soc. chim. [4], 3, 905 (1908)
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KiCiO 4

KtlrCU

I1I-2724

M. V^zes prepared potassium cbloroiridite with remarkable ease and
rapidity by reduction of potassium chloroiridate with potassium
oxalate dissolved in H*0 and heated on a water bath.

2K,IrCU + K,Ct04^ 2KjlrCU + 2COt

M. Vei«, Proc^ verbaux des Sdancea dc la Socictd dcs Scicnres physiques et
oatufcHe* de Bordeaux, Ann6e 1900-190 !» p. U2
Ref., M. M. Delepine, Bull. aoe. cbim. |41. 9, 904 (1908)

KtIrCle
KNOj 111-2726

If a solution of the K or NH4 salt in hot water is treated with KNO«,
then an olive-green solution of the trivalent Ir salt is formed. If,

however, the solution is boiled with an excess of KNOt for some time,

it becomes yellow, and finally a white precipitate is formed.

(a) KjIrCU + KNOi K,IrCli + NO,
(b) 2K,IrCU + 6KNO,— K,lr(NQ,), K,lrCl, H- 6KC1

Treadwell aod Hall, Analytical Chemistry. 5th ed., 1, 569 $$

K,IrCl,

HI 111-272$

Chloroiridates oxidize hydriodic acid liberating iodine and forming

chloroiridites.

KtIrCU + KI KilrCU + I

M. Delcpioe, Bull. aoc. ehim, (4), 6, 1085 (1909) SI

KjIrCU
H,0 1II-2727

The potassium and ammonium salts of type M,IrCle dissolved in

water form a solution which, on evaporation, yields a mixture accord-

ing to the following equation:

KjIrCU + H,0— K,(H,0)IrCU + KCl

M. M. Delepioe, Bull. aoc. chim. (4), 9, 905 (1908) SI
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K,lrCU
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111-2726

KjCzO

Potassium iridudichloroxaUte is obtained by double decomposibon

Ctween the chloroiridite and potassium oxalate. SoluUons of the

salts are mixed, heated and crystallisation allowed to take place-

KjIrCU + 2KtC804- K*lrCli(C,04)i + 4KC1

and Duffour, Bull. soc. fhim. jdl, 6, 869 (1 9091
51

KjIrCU

ZiCtOi

Racemic potassium iridium oxalate can be prepared by treating

potassium hexachloroirldate with a neutral soluUon of potassium

oxalate.

{KJrCU + 3K,C,0*-^ K,Ir(C,04>, + 6KC1)

UI-2729

DelfipiM. Bull. 80C. chim. (61. 1» 1^® (1934)

Ref., J- P. Mathifu, J. Chim. phys., S3. 78 (1936)

AgMOa

KaIr(CN)a
in-2730

NHi

A solution of potassium iridium cyanide will react with a solution

of silver nitrate yielding a white precipitate of silver iridium cyanide,

which is soluble in ammonia. Colorless crystals will crystallise

from this solution.

(a) K,Ir(CN), + SAgNOi Ag,Ir(CN)> + 3KNO,

(b) AgsIr(CN)i -t' 2NHj + 3H,0 Ir(CN)>Ag>(NHi)i 3HtO

E. Rimhacher and F. Korten. Z. anorg, Chem.. 69, 345 (1907)

Li3C204

LitIrCU
III-2731

Lithium chloroiridale reacts readily with lithium oxalate when

heated, yielding large, black, rhombobedral, deliquescent crystals.

2LijIrCI« + LiiCt04 2Li,IrCl4 + 2COi

M. Delepine, Bull. soe. chim. [4], 16, 508 (1915)
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(NHOiIrCU

III-2732

At 100® sulfuric acid will react with a concentrated solution of

ammonium chloroiridite according to the following equation;

2(NHi)iIrCl, + 2HjS04

-^2(NHi),IrCl4 + (NH,),SOi + SO, + 2H,0

M, Del^pine, Bull. «oc. chim. [41, », 835 (1911) 51

NaidrCU)
HjS m-2733

Hydrogen sulfide passed through a solution of sodium chloroiridate

will at first decolorise the solution, and then cause a deposition of

iridium trisulfide, which is readily soluble in ammonium polysulfide.

(a) 2Na,{IrCU) + H,S ^2IrCl, + S + (4NaCl + 2HCI)

(b) 2IrClj + 3H,S + (6HCI)

Treadwell and Hall, Analysed Cheniatry, 5tH £d., 1, 569 0$

Na,(Ira«)

KliO, m-2734

A solution of one part disodiumbexachloroiridate is treated with

2-3 parts of potassium nitrite. The precipitate which forms is dis-

solved in a solution of potassium nitrite and an equal volume of

nitrous acid added. The solution is allowed to crystallise and the

crystals are recrystallised five to six Umes from water. Pure potas-

sium dichlorotetranitroiridate forms as bright yellow crystals.

Na,(Ira,) + 5KNO, -* (Ira,(NO,)JK, + 2NaCl + 2KC1 + NO,

A. Werner and O. de Vriea. Ann., 864, 86 (1909) SO
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NailrCU

KOH
III-2736

Oxveen is passed into a concentrated hot solution of sodium iridium

chloride, which was made alkaline with potassium hydroxide solution.

Iridium dioxide will be formed.

2NaiIrCU + 2NaCl + 2KOH
(a) -sisatiri. • -r ^ 2Na,IrCU + KOCI + KCl + H,0

(b) 2NajIrCU + 6KOH IrjO* + 3HiO + 6KCI + 6NaCl

Ir»Oi + 0 2IrO*

L. WOlilcr and W. WiUmann, Z. anorg. Cbem., 67, 323 (1908)

Na,(IrCli)

NH.C1

Ammonium chloride precipitates dark-red ammonium chloroiridste,

which is insoluble in a saturated solution of ammonium chloride.

Nai(IrCU) + 2NH 4CI (NHi)i(IrCI<) + (2NaCI)

Treadwell and Hall, Analytical Chemiatry. 5th Ed., 1».559

ni-2736

Na,(IrCU)

NaNO.

5 grams of sodiumhexachloroiridate are dissolved in water and the

solution warmed to 80-90^0. 40 grams of sodium nitrite are added in

small portions. A copious evolution of nitric oxide occurs and the

color of the solution changes from dark to a dirty bro^\’n and finally to

a reddish brown color. The solution is heated to just below boiling

for 15 minutes and then allowed to cool. The solution is concen-

trated over sulfuric acid and yellowish crystals separate. These are

crystallised from water and lemon yellow crystals of sodium dichlo-

rotetranitroiridate with two HjO separate.

Naj(IrCU) + SNaNO,^ (IrCUfNOtlJNa, + 4NaCl -h NO2

A. Wcrocr and 0. dc Vnc«, Ann., 364, 81 (1909)

in-2737

SO
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Na2CjO^
NajIrCU

1II-2738

Oxalatoutrachloroiriditc is formed when sodium hexachloroiridate
is treated with sodium oxalate.

2NatIrCIt + 2Na,C,04 ^ 2Na,IrCI*{CA) + (2NaCl + CU)
Duffour, Compt. rend., 1393-1591
J. L. Howe, J, Km. Chem. Soc., 160 (1912)

NaiIrCU(NO,)4
Nal

HfO
1II-2739

Triethylene diamine iridium chloride and some dicthylene diamine
iridium dinitro iodide are obtained when iridium III sodium dichloro-
tetranitrite is heated in a sealed lube with ethylene diamine hydrate
and then, treated w'ith sodium iodide.

(2Na,IrCU(NO,)4 + 5C,N,Hi H,0 + 4NaI
^Ir(C,NjHOiIa+Ir(CjN,Hi),(NOj)tl+4NaCl+6NaNOj+5HiO)

J. P. Mathieu, J. ChkQ. pbys., SS, 78 (1936) 69

NaJrCU
NaNO, m-2740

Sodium nitroiridite can be prepared in three steps from solutions of

the chloroiridite and sodium nitrite.

(a) 2Na,IrCU + 6Ba(OH), Bai|lr(0H)d, + 3BaCl, + 6NaCl

(b) Ba,lIr(OH)di + 6H,S04 Ir,(S04)# + SBaSOi + 12Hj0

(c) Iri(S04)# + 12NaN0,^ 2Na,Ir(N0,)i + 3Na,S04

Mathieu and Comevin, J. Cham, phys., 86, 271 (1939) 6$

NatIrCU
NaNOi m*2741

One mole of sodium hexacbloroiridate heated with four moles of

sodium nitrite gives iridium III sodium dichlorotetranitrite.

(NaaIrCU + 4NaNO,- NaJrCU(NO,), + 4NaCl)

J. P. Mathieu, J. Chim. phys., 83, 78 (1936) 0$
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[Ir(N0,)t(NH,)4]Cl
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m-2742
AgNO?

2 grams of dinitrotetramminoiridium chloride are digest^ with 0.8

eram of silver nitrite in water on the water bath until no more

silver chloride is formed. The residue is filtered off and the solution

allowed to cool. Colorless crysUls of dinitrotetramminoindium

nitrite with one HjO are formed.

[lr(NOj)i(NHi)4lCl + AgNO*^lIr(NO*)i(NHj)4]NOj + AgCl

A. tS'erner and 0. dc Vriro, Ann., 3M, 100 (1009)

HBr

lIrCU(NH,)4lCl
111-2743

A warm aqueous solution of dichlorotetramminoiridium monochloride

is treated with concentrated hydrobromic acid. A yellow gelatinous

mass precipitates. It is crystallised from warm water containing

hydrobromic acid and yellow needles of dichlorotetramminoiridium

monobromide with one H»0 are formed.

[IrCl,(NHi)4]Cl + HBr— |IrClt(NH,)4)Br + HCl

A. Wernrr and 0. de V'ries, Ann., $94, UO (1909)

(IrCU(NH,)4|a

H,S04

A warm aqueous solution of dichlorotetramminoiridium monochloride

is treated with concentrated sulfuric acid until no more hydro-

chloric acid is evolved. As the solution cools, yellow crystals of

dichlorotetramminoiridium sulfate with one HtO separate.

2[IrClt(NHi)4]Cl + HtSO*— (IrCl,(NH,)iltS04 + 2HC1

A. Wemer and 0. de Vries. Ann., 364, 118 (1909) JO
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IIr(NO,),(XH,)4]Cl

I1I-2746

A warm solulioQ of diaitrotetrammiDoindium chloride is treated
with excess potassium bromide and crystdsof dinitrotetramminoirid-
ium bromide with one H*0 form. These are crystallised from water
containing either potassium bromide or hydrobromic acid and color-
less crystals are obtained.

[Ir(NO0t(NH,)ilCI + KBr-^(Ir(NO,),{NH3)*]Br+ KCl
A. Werner and O. de Vrio*> Ann., 864. 07 (19001 en

(IrCl,(NH,)4lCI

111-274$

A warm aqueous solution of dichlorotetramminolridium monochlo-
ride is treated with solid potas&um iodide and the difficultly soluble
dichlorotctrammiDoiridium monoiodide precipitates. It is crystal-

Used from water contuning potassium iodide.

(IrCl,(NHt)4lCl + KI-* [IrCliCNH,)*]! + KCl

A. Werner and 0. de Vries, Ann.. 964, 120 (1909) to

(Ir(NO,),(NHi)ilCl

KI ni.2747

A warm aqueous solution of diojtrotetraimmQoindium chloride is

treated with excess potassium iodide. As the solution cools, a

precipitate forms. It is crystallised from water containing a small

amount of potassium iodide and needles of dinitrotetramminoiridium

iodide form.

lIr(NO,),(NH»)4lCI + KI [Ir(NO,)t(NH,)4lI -I- KCl

A, Wemer and O. de Vries, Ann., 864, 99 (1909) to
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[Ir(N0,),(NH,)4lCI

7C9

III-2748
ZiSOi .

A warm aqueous solution of dinitrotetrammlnoindium chloride is

treated with potassium sulfate and the precipitate crystallised

from water, very slightly acidified with sulfuric acid. White prisms

of dinitrotetramminoiridium sulfate containing one half HjO

separate.

2(Ir(NOj)»(NH,)*lCl + K^O. -• [Ir(NO,),(NHi)4l»S04 + 2KC1

A. Werner and 0. de Vries, Ann., 344, W (1909)

NKiCl

HCl

[Ir{NHt)i(NO,)*)Cl
111-2749

1 gram of dinitroletramroinoiridiura monochloride is mixed with

I gram of ammonium chloride and 15 cc of concentrated hydrochloric

acid and heated in a sealed tube for hours at 140*C, The resulting

solution is filtered and concentrated to a small volume. A yellow

precipitate forms which is crystallised from warm water slightly

acidified with hydrochloric acid. Yellow needles of dichlorotetram-

minoiridium monochloride with one HtO form.

(lr(NHt)*(NOt)»lCl + 2HCI (Ir(NH,)4Clt]Cl + 2HNO,

A. Werner and 0- de Vries, Ann., 364, 115 (1909)

[Ir(NH,)»NO»lCh

KI m-2760

A warm aqueous solution of nitropentamminoiridium dichloride is

treated with a solution of potassium iodide and a yellowish brown

precipitate forms which is crystallised from warm water. Yellowish

brown crystals of nitropentamminoiridium diiodide form.

[Ir{NH,)tNO,ia* + 2KI^ [Ir(NH,)»N0,]Ia + 2KCI

A. Werner and 0. de Vries, Ann., 364, 105 (1909) 20
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(Ir(NH,)*NO,lClt
KasSO.̂

111-2761

A warm concentrated aqueous solution of uitropentamminoiridium
dichloride is treated with a solution of sodium sulfate. As the
solution cools white needles of nitropcntamminoirldium sulfate
crystallize.

Hr{NH,),NO,)Cl, H- Na^O,— |Ir(NH,)»N0,)SO4 + 2NaCl
A Werner and 0. de Vriea, Ann., 364, 105 (1009) of.

AgHO:
[Ir(NH,)iH,0)CI.

111-2752

1 gram of aquopentamminoiridium chloride is dissolved in water
and an excess of silver nitrite added. The solution is stirred on the
water bath until no more silver chloride is formed. The residue
is removed by filtration and the filtrate evaporated to dryness on the
water bath and the residue heated for two hours. The aquopentam-
mlnonitrite is converted to nitropentamminonitrite. The residue
is diwolved in hot water, dilute hydrochloric acid added and the
solution heated on the water bath until no more nitric oxide is evolved.
The solution is filtered to remove the excess silver as chloride and
concenlraUd hydrochloric acid added to the filtrate. A white pre-
cipitate forms which is crystallized from warm water acidified with
hydrochloric acid. Small colorless crystels of nitropentamminoirid-
ium chloride separate.

(a) [Ir(NHi)*H,01CU + 3;^N0,
^ llr(NHOiNO,](NOi)* + 3AgCl + H,0

(b) [Ir(NH,)4NO,](NO,)* + 2HCI (Ir(NH,)iNOilCl, + 2HNO,

A. Werocr and O. de Vries, Ann., 364, 102 (1909)

KCN
KtllrCUl

m.2763

Potassium cyanoiridate is prepared by action of potassium cyanide

on potassium chloroiridate in solution.

(K,[IrCUl + 6KCN K,[Ir(CN) J + 6KC1)

Mathieu and Cornevin, J. Chim. pbya., 36, 371 (1936)
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KJWCtOOjl

771

in-2764
AgNO,

Silver iridooxalate is prepared from silver nitrate and potassium

iridooxalate. The product separates in silky yellow needles,

exploding at 145-150®C.

SAgNO, + K,(lr(C*O0d + 3H,0
-*Ag,lIr(C,0.),l‘3H^ + (3KNO,)

C- Gitldinc, Atti R. Accad. Lincei, 16, ii, 648 (1907)

Ref., T. H. Pope, J. Chem. Soc. (London). 94, 3 (1908)

KHa

Na*(Ira,(NOt)4l
111-2765

I gram of sodium dichlorotetranitroiridaU is heated with 4 cc of

27% ammonia solution for 9 hours at 136-40*0. The reaction

pr<^uct is digested in a solution of sodium potassium carbonate

repeatedly until it is free of chlorides. Two to five treatments are

necessary. The residue Is crystallised from hot water, Crystals of

trinitroamminoiridium are obtained.

Na4[(IrCU(NOt)4)l + 3NHiOH
Ir(NOt).«^H,), + 2NaCl + NaNO, + 3H,0

A. Werner end 0. de Vries. Ann.. 364, 91 (1009)

NHa

HCl

NaJIrCUCNO,)*)
111-2766

5 grams of sodiumdichlorotetranitroiridate are added to 20 cc of 27%
ammonia and heated for nine hours at 170®C. The reaction pro-

ducts are concentrated and freed of excess ammonia by heating on the

water bath. Impure trinitro trlamminoiridlum precipitates, This

is removed by filtration and sodium chloride added to the filtrate.

Dinitrotetramra Inoiridium chloride crystallises out and is dissolved

in water and treated with hydrochloric acid to remove nitrites. The

solution is allowed to crystallize and crystals of dinitrotetramminoi-

ridium chloride form as white needles.

Na,tIrCl*(NO,)4)l + 4NH 4OH
^ Ir(NOtOi(NH04Cl + NaCl 4- 2NaNO* H- 4HtO

A. Werner and 0. de Vries, Ann., 364, 95 (1909)
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Na,IIrCl,(NO,)*l

772

NH,C1
111-2767

A solution of sodiumdichloroietranitroiridate is treated with ammon-
ium chloride and the precipitate crystallised from water. Yellow
colored crystals of ammoniumdichlorotetranitroiridale M'ith two
H»0 are formed.

Na,[IrCL(NO,)4] + 3NH|CI (NH4),lIrCU(NO,)4l + 3NaCl
A. Werner and 0. dc Vriea, Ann.. $S4, 87 (1908) to
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Index to Reagents

Formulas

A

AeCCtiCUlIMOSO
CHCI, ni-2113

C HI, 111-231)7

A. + ,cCu(NO,)#,iii-n3a

aIbT C 1Co,(NH»).AcNH,OH|I„ I1I.75I

C
(Co,(NH,).OHN!l,OH!I,, II 1-752

AtfCN e lOl, Iir-2456

AbCNO 0 I,, Iir-2495

AjjCNS C Co(rNS)s, JiMfi

c lO, n 1-2457

e It. m.24»o
AgCUCJHh. n 1-2378

{ CoBriCiHiOj'^n** HiO, ni«27

e iCoCOjetiflUr, II 1-342

c
(Co(NH»C,H4NH,)>SO,(rH,COO)t|-

Br«2H,0, III-365

5 (CoNHjNOieniinrt, 1 11-369

C (Co(NOj)ipnijL III-547

5 lCoi(NH,)*0,NHiOHlBT.,
111-680

6 |Coj(NHj)»AcNHiOH)I#, 111-753,-755

5 (Co,(NH,)*OHNH,OH)l.,
111-754

C (Cei(NHj)*cn4lI* CtO«, 111-759

6 D,, 111-2009

5H,, in-2155

5 ICI, in-2458

ArF a AuCI., III-1254

aCoCUSNH,, 111-143

eCoClrONH,, 111-145

a I,, 111-2497

AgNOt a CiHd, ni-2385, 2386

a (CoNH,Clenil(NOj)j, 111-564, 565

C [CoNH,aen,I(NO»)i, 111-589

a Ir(NH»>3r,, III-2703

eiT(NH,)*a,, III-2712

8 (Ir{NO.)i(NH,).)a, III-2742

a (Ir(NH»)»H,OiCU, 1II-2752

(AgNOi) eCoBrrOHiO, 111-21

AgNOs a AgsHslOi, 1 11-2375

5 II1-2095

c CjHJ, 111-2387

a (C*H*),G«Br. 1II-1730

C CoB^,C^H70: •eDt'HA ni-28

5CoCl-CrO,(H,0)*‘5NH», 111-85

lOtCrOiCi ^KHu IIM60
a CoCrO,NO>-5NH., 1II-1S2

aCoNOiCrO,«4NHu 1IM90

a |OoCO,ent)Hr, 111-343

8 lCoaNC‘Sen,)Br, 111-344

a (CoSOj(CHtCOO)*critlBr*2HA 111-368

8 ICoNHiNOjentlBn, 1II-370

a ICo(H 111-396

8 (CoCO,en,lCl, 1II-412

a iCon,ehiin, ni-4U

a lCo(NO»),pa,II. II 1-548

elCo(Nl!.>*en,|I„ II 1-552

a ICoNOiNCSenilNOa, 111*567

8lCoH,ONCSen,l<NOi)t, III-587

a [Co(NH,).SCNI(NO*>j. I1I-588

a tCPNHjKCScnilSjO., III-623

a (CoNH»SCNeD$lS,0«, III-624

a (CoCrOOfCrsOT SNH,, III-635

a Coi(NOi)*(NO)i(NH»)irH«0, 111-648

a lCoi(NHi>40iNH,0IllBr,. 111-687

efCo,(NHi)41AClNHtCl,lCl>, in-705

. a (Co,<NH*)i.(NO»)t(NO*)t]a„ II1-706

a |Coi(NHi),.(NOt)4lCl,, III-707

a [Coi<nh*)4Acnhahhj, 111-756

a (Coi(NHi)4(OH)NH,ohii,, in-757

a ICojNHOien,!!,, III-790

aCu, 111-881

8Cu(CN),-6KCN, 1 11-973

a Cus, nn230
aCuA 111-1431,-1460

a CuA III-1449, 1450

aGcH4, III-1831

a IIAuCk III-2041, 2042

a HAuCl4'3HA 111-2047

a H|SA». tII-2305

a I,, ni-2498

aKH,co,(CN>n*HA in-8ic

a K,Co(CK)*, 111-310

a KiCo(NOi)», II1-328

a KJr(CN)«, 1II-2730

c K,lIr(CA*>»]. 111-2754

a Na-HjO*, III-2668

j^NO, -I- HCIO* ciCoHANCScntlSAi.

III-625

AgNOj -f 5 CuSO., 111-1244
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AgN, d U 111.2409

AgOH «[Co(NOj),0D,JI, Iir.549

€(Co(NH0,cn,m III.563

AgjCOj e AuIICl,, Iir.2020, 2043
a KAuC^, 111-2055

AgiCrO^ 8 Audi, 111.1955

BCoCrO,a«5NH», 111-151

Ag,0 a(CoCO*ens)Br, 111-345, 34C
a C»H»GeI„ IIM726
a <CH,),HPOfe in-2097
6 C,H,H,PO,, III.2101

C (C,H,),HPO,, III-2103

« HNO^ in-2376
e HjO,, ni.2249

Ag,s a CuClfc IIM060
AgiSOi a It, III-2500

Ag«S04 a 0,H>1, III-2388

a CoBr,C*HK)*‘«n, HA III-29

a [Co(HiO)ieai]Br», III.397

a (Co(CO»)CD,II, 111-550

a Cu, II 1-882

A1 a III-2501

a KjCbFT, in.875
AlCU + HCi a KF. 1IM630
AJ<OH). a KF, IIM631
Au a Fi, IIM589

a DiOt, 111-2087

a HtOi, III-2250

AuBri a Au, III-1911

AuCIi a AuCOCl, 111.1947

a ErCli, 1II-1508

a GdCU III-1682

AuiSt a AuClt, IIM956

B

B a Co, IIM
a Ft, IIM590

BiH. a Ga(CHt)i, IIM699
BiOt a HtFt, 111-1619

Bft(BrO,), 6 C0SO4 , 111-251

a Er3(SO«)t, IIM55S
BaBrt 6 (Co,(NH,)iNHtNOtl(S04)i, III-800

a lr(NH,)*a804, III-2708

Ba(CN), a CoClj, 111-88

a CuCN, 1II-956

Ba(CNS), a CoSO*, 111-253

BaCOi a CHtHsPOi, 111-2094

a (CH»),HPOi, III-2098

a H,Co(CK)., 111-302

a InCli, 111-2336

BaCOt + HON c CoSO«, 111-254

’IIKMICAL RKACTIOXS

BaCO, + HI a Ir(NU,)^<*JS04, III-270i)

BA(C»H4-SO,)t a <*oSO,, 1II-252
eCuSO., II 1-1245

a Er,(804U IIM5,56
aGdt(SO«)», IIMCSl

Ba(C„H»CJ <N 1 1<M IK» - so,) , c C'uKO. ,111-
1246

Ba(C„H4ClMI,-SOi), a CuSO., 111-1247
Ba(C„H4<N0,),-S0,),e0u80,, 111-1248
BaCUa (Co('JN*H,fn,),a,.80., Ill-flia

a iCoj(NH,),(.\0,),)80 ,. 111-704

a Cu,SdDf2(Nll,)^^,, 1IM472
aKII,CO,(CN)„HA 1II-817

a 1P(XH,),C180*, 111-2710

Ba(aO,), a CoSOi, III-255

a Ert(SO«),, I1I-1SS7

a 1 ,, 111-2502, 2503

Ba(ClO«)ie RrtCSO,),, 1IM55S
Bt(KOi>, a CoSOt. II 1-256

aOuSO,, 111-1249

Ba(NOi)teCoNO,CrOr4NII,, 111-191

a (CoCfO,), Cr,OT-8NII,. lU-636
a (Co,(NH,),(NOi>dSO,. 111-795

a (CoNO,NCSen,lt80*, 111-796

a Ir(NH,),a80*, 1II-271I

a KaIO«, 111-2665

BaOi a Co(OK)t, 111-233

aCuA 111-1432

a 1, 1II-2437

6a(0H)» a AuiOi(OH), < 2H,0, I1I-2027

a Nailrdt, III-2740

BaPt(CN,) a Er,(80«)», III-IS59, 1560

a Gcli(80«}^ IIM682
BaStOi a CoSO«, I1I-257

BaSiOi a CoSO,, III-258

Ba,Fc(CN)$ a CuiFe(CN)», IIM425

B«Ft 6 CoFi, iri-256

Bi(NOi)i a KiCo(CN)i, III-311

Br a (Cai4)«G«, 111-1738

a Cot(NHi)x*(80«)»It, III-642

a Cu, in-883

a In, 1II-2319

Bp- 6 Ft, ni-1591

a It, III-2517

BrCiH«N(CHt)t -I- Ka a (C«H»},GoBr. Ill-

1731

BrCtHiOCHtMg a (C«H,),GeBr, IIM732
BrMgCJl4CH| a (C«H»)»GeBr, I1I-1733

Brt a Au, I1I-1912

a AuCOd, 1II-194S

a (CtHt),Ge, III-1729
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Cq, ni‘X 3

co(CO)*. in.7a, 73

CoNOCCO)., IIMM

e Tu 111-1593. 1503

€ Oa, 111-1688

C Ge, 111-1730, 1740

e GeBtj, 111-1771

C GeCU IIM781

6 HC10„ III-2136

« K„ 111*3156

€ HA ni-2324

5 H,Ofc 111-2251

5 KI, 111-2621, 2622

C RbT, Iir-2674

tJr, + NftiCOi 6 CoCOi, 1 11-48

C

C 5 CbjOi, 111-845

« CoSO,, lU-250

5 CojOi, 111-814

8 CuO, 111-1163

8 P,, 111-1594

ftOeOi. II1-1859, I860

« ni-3157

5 InAi, IU-2358

c +aoia CuO, ni-u6i

CCli CHOfiHa, III-21H

8 HI, in-2189, 2U0
CCirCOOH 8 CoCOi, 111-49

CC1« 5 CbA^. ni-846, 847

CHCli 6 Cu. in-884

8 CuSO*, IIM250

CHIi « AgF, IIM880

C Ag,Ff, ni-1682

CHi(COOH)j 6 lCoa,entlCl, 111-413

CHAlCOOH C CoCOi, in-49

8 CuCOt, III-975

CHAH-CHOH-CHAH -l-HiSOi 6 Nar

HtTO,, III-2672

CHjSHCOOH e CoCO>, III-50

CHjSHCOOKa « CoCO», III-50

CHi*C(tS) •NHt « CuClb 111-1062

CHi • CHOH • CHOH • CHi 6 HIO,, III-2430

CHi CHOHCHAOONa 6 HO, 111-2115

CHiCHtCOONa 6 CuSO^, I1M261

CHAOCHO 6 I, ni-2438

CHiCOCH, c HOD, III-2092

e I„ ni-2504, 2505

CHAOOH « HSOjP, 111-1617

5 KiOeO), Ul-1905

CHAOOH -I- NaNOi 5 Co(CHAOO)j*-

4HA, ni-40

CHjCOONa 8 111-2380

8 Cuai. iii-ioei

«Cu(N0,)v III-1140

8 CuSO,. IIH251
CHAOSH 5 Iv in-2506

ClIAiHAH 8 III-2158

CHAtHiSOi • NHt 8 HI, III-2398

CHiI 8CuO, 111-1162

CHiMgBr 8 CeQi, 111-1780

CH»MgI 8 DA, ni-2077

CH,NHf 8 ICI, 111-2450

CHtNHi 4- HI e AuClj, 111-1957

CH|NH,a e NaAo(NO»)*, 111-320

CHiNO, 8 DA in-2078

CHAH 6 C,H»I, 2390

e U in-2541

CHANa 8 C,H*I, 111-2391

CH3CH.CH{OC,H0. 8 H,0. nl;2226

CHiSCHAHAH(KHt)CN 8 HCl, I1I-2U6

CR^HAHAH(OCtH*)t 8 HA 111-2225

(CH,),CO 6 Fi, ni-1596

e Nal, III-2658

(CH,),S 9 AuQi, 111-1958

8 CuOa, IIM063
(CH,)iS04 8 CuA III-U33

(CHAO)A 8 HA in-2227

<CHi)4Pa(CN)* 8 CH,I, 111-2380

CH* 8 D. 111-2064, 2065, 2066

8 D», 111-2070

(CN)i 6 HI, III-2141

CO 6 AuCIi, III-1950

8 AuA». 111-2028

8 Co, III-78

8CuO, 111-1181

eCuAli, ni-1401, 1412

8 Cu,(NH,)AO„ ni-1429

8 Cu,(NHx)AOi, 111-1430

€ HlOi, III-2419

8 IA», in-2608. 2609, 2610, 2611

CO -I- Ht « CH*, III-2100

CO HA 8 H,, in-2150

CO -t- KOH 8CoCl,, 111-89

CO + NH, 6 CuCO,(NH,)*, III-1133

COCl, 5 Fi, ni-l596

8 G«0,, ni-1861

8 Nal. III-2659

(COOH)t 5 DA. 111-2079

(COOK), 5 UF, m-1614
CO, 8 [CoHA(OH)en,lBrh II1-371
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« C«CO,-Cu(OH),, ni-98'^
f D,, III.2071

c Er(OH),, 111-1525

c Gd(OH),, IIM6dO
5 lU, 111-2160, 2161

CO, + CO « H,, UI-2162
CO, + H,0 e Er(OH),. 111.1626

C:S(NH,),2CuCl,, IIM064
CSN.H* a Co(CNS),, III-47

e Coci,. iir-00

6 Co(NO,),, 1II-103

a C0SO 4 . 111-260

CS, a H,, 111-2163

a ICL, ni-2485

CS, -I- CO, a Cu. III-885

C,CL a Ft, III-1897

CtH, a Cu, II 1-886

a CtCu. II 1-886

a CuC), 111-1030, 1031

a CuCli, 111-1065

a D, 1 1 1-2067

a rA, ni-2612
a KmAu(S,0»),. II1-2058

C,H, + H,0 a Cu»Clr2XH,, 111-1414

C,H, d- KBr a CuBr, III-944

0,H, + KCl a CuCI, 1IM032
C,H, + KI a Cul, 111-1120

c,H,o,Ag a ni-2507

C,H46r, a KI, III-2623

0,H*{NH,),a (Co(NH,),Clin,, in-505, 506

aCo(NO,>r3NH,. III-I87

C,H*(NH,), + KSCN a ICo(XH,)4CI|a,.

ni-507
C,H*N^S « Coa,, III-I36

CjHiOta [Co,(NH,)4(OII),IBr,. IIT-690

a (Co,<NH,)*(OH),lCl,, ni-721

a (Co,(XH,)i(OH),)(NO,),, ni-760

a Er,0,, 111-1538

CjH^O, + KI a iCo,(NH,)*(H,0),NH,OH|-

(N0,)4, III-773

CjHiO, + 5UNO, a (Co,(NH,).(OH),lCL

II1-722

C,Hi • COOH c HSOjF, 111-1617

CjHU a Gcl,. I1H830
CjIiMgBr a (C$n»),GeBr, IIM734

a Gecu. in-1700

aLi,IOd(CH,),I,, I1I-I700

a GcL, III-I845

C,H,*NH,Cl a Xft,Co(NO,)4, III-320

C,H*OH a Cua,, IIM066
a lo,(SO«)i, III-2368

CjILOH Na a OcCU, 111-1701

C,rL-S-CII,COOII € CuBr, IU-045
a CuCI, III-I033

a Cul, I1M121
c,H4SCh,<’ooii -I- KI a (Cua,)C,u,.

8CH,C0()II .|I,0, III-1413

c,n*.s-cir,cooa -i- kscn a Cu(;i, ni.
1034

C,H*8lf + Xa,SO, a I,, III-2500

(C,IL)>S04 a 11,0,, I1I-2252

(C,H*),SI a CuCI,, IIM067
C,H*e Dt, 111-2072

C,H,N a ICl,Co(C,H,X,),]Cl, 111-414

C,H,N, a ICo(NH,),(NO,),), UI-332
a (Co,(NH,),XH,0,)(NO,)*, ni-774

C,N,lU H,OaCoa, 5NH,, III-144

a CoCOi, III-66

CA(NH*),a ICo,(NH,)„(XO,)4l CU, m.
708

C,H,NSK) a CuCla 1IM068
C,H»OH a U I1L25I0

cjfiO.ai,, in-2511

c,ll*0, a (C0,C4>(C,H,N,),10li 111-345

a Gd(Oll),, III-166S

C»H« a H,S, III-2204

C,H,(XH,), a lCo(NH,)*aiCU, ni-508
C,H,0 a It, III-2512

c,H,N e ia,co(C,H,N,),)a, 111-415

C,HAK a (CIA^(C,H,X,U1C1, ni-418
MC,H,),80, a H,0,, 111-2253

C>H„X, a K,lCo(N0,),|. ni-559
C,H,|0N, a OoCU. Ill*9l

a CuH,, III-1069

C.H4{C00NI1.), 6 Cu{C,H,0,),, 111-991

C*H,BrCOOH e Cu(OH),, IIM205
C«HgMgBr a GeCU, IIM792
C,HkX a CoC\i, 111-92

a |Co,(NH,)*NH,NO,](NO,)4, 111-775

a CuBr, I1I-946

a CuCiO,, 111-1028

a Ou(C,H,0,)fc III-902, 993, 994

a CuCiH^SO,, II1-1013

a Cu(C,H*S04),, IIM017
a Cu (C,H»Oa),, III-1019

aCuC,H,0*S, III-1021, 1022

a CuCi, 111-1035

a Cucife in-1070

CJI*N -I- HBr 6 CbOBr», III-832

CaHiN -f KtCrjO, a CuSO*, 111-1252

C,H*N«HCl a CbOCli, 111-834

a Ira«, I1I-2694
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r H.O. a Di(OH)., III-H96

r Na a CuSO„ 111-1251

r H^N0.1.0H a CuCO., in-970

^MCUXO-j SO.naDi^., III-M97

PSV-SO.HaDirOa, 111-1497

C H (<-0'*O « ”’•

r H Cl SO.H6I>i.O., I1I-I497

r H |NO.)SO.H a DM., ni-1498, 1499

8GdA,
r H.OHCOOH 6 Cu80«, 111-1253

rH OHCOONa 5 Cu(OH)t, lII-!20$

c!h,(OH), 8 111-2166

jCuSO.> 1IM326

r u CHi COON*8 KSOjF, III-1638

r h! ClI,OH, COONa « KSO,F. 111-1638

c!h CHiMkCI « CeCU 111-1793

CH.CH,eH„ 1II-2182

rScmBr-HNaeCeCU 111-1794

cIhIcOCI e DA 111-2080

C.H,COOC,H* e H,, 111-2166

C H COOD « C.H^COCl, 111-2080

O*HiC0OU 5 H„ in-2167, 2168

r.HkCOONH4 + 6 CuSO., II 1-1254

C»H,COONH. -t- 0«H„N* e Ill-

1266

0»H,C0ONft6 Hj, 1II-2I69

CiH. CMUfiH,, in-2182

C*H* 04H, 6 Ha, III-2182

C^H.MgRr 6 GeBri, IIM774

cGeCl*, 111-1708

CiHfcN(COONH*), 6 Cu(CaH»Ot),. II 1-095

« (Cl,(‘o(C,l!»N,)tlC1, III-4I7

CHt, in-2170

C,H*NHa KCl e IrCU, III-2804

C,H.OH C H,, in-2l7K 2172, 2173, 2174

5 lOH, ni-2489

8 Ih 111-2508

C,HaOH 4- NaOH 6 I,, 111-2513

C*H»OH -h NaaCO# 5 la, 1 11-2514

C,H»ONa e la, I1I-25I5

(C.H0a « Ha, III-2175

(C,Ha)aCH, 6 Ha, III-2176

(CiH4),CO 8 Ha, in-2177

(C,H»)aHg 5 In, 111-2320

(C*Hi),NH a Ha, in-2178

CaH. 6 Ha. ni-2165, 2174

CaHiO, e HAuOl^, 111-2044

C*H,N e HaCrO,, 111-2268

CiH.iOH « Ha, II1-217I, 2174

CaHiNSa 2 AuCl,. 111-1960

c CuSOi, III-1256

CaHAaNNa 6 CoSOa, 111-261

e CuSO*, 1II-1257

C*7HAa + KOH e la. 111-2516

CjHaNA 2 HAa, II1-2254

C,H,N 6 iClAoCCaHaNaltia, I!I-418, 419

CaHaNaSa 6 CuCla. IIM071
CAHaNS 2 CoCU
0,HAa -I- KBr e I, 111-2439

C,HAa + KI 6 1. 1 11-2440

CtHAi+Lilel, III-2441

CaHtN 4- HBr « CbOBn, 111-832

C,H,NCH»I 2 Cul, III-1122

C,H,N lia « CbOCla, III-835

CaHiCHa. ni-2179

C*H,AN,S e Co(NO,),, III-214

8 C^i(NOi)a, 111-1141

C,aU -(NOi) * SO,H e DiAh 111-1500

C,.HANO 2 C«(CH,COO)„ 111-42

C.aHAa 2 Cu804, II 1-1258

r,*H,NHa'HCl 2 Au(’l„ II1-1901

0,*H,NO, 2 CuSO,, 111-1259

C.aHAH eHa, m-2180
C,.IIANOt 2 Co(CHiCOO),. III-43

(‘.•HAiN 2 CuSO,, JIM 258

SO,H2DiA>, IIM500

(',aHa2 H„ 111-2180, 2181

<-.JlA, 4-KI 2 1, I1I-2442

C,.H„ 2 Ha, III-2182, 2183

(‘uHiiONaS 2 CuCU 111-1068

C,aH,ASiS2Cuna. 111-1068

('MHiaOT2CuSO*, I1I-1260

Ci,n,IUOCOONa 2 CuSO*, 1IM261

C„H*N 4- KHAN'S 2 Co<NO,)i, 111-194

CiaHAaN 2 CuSO*, UM262
C,iH,aNt2 CoClt, 111-94

2CuC!, 1II-1036

2 CuCla, 111-1072

C,aHuOi*Na 2 CuSO*, 111-1262

Ca(CN)a 2 CuCN, 111-957

CaCOi 2 AuCIa, II 1-1962

2 CotHalOA*)*, ni-038

CaC, 2 CuCla, IIM073
6 CuO, III-1I63

CaClacCuO. 111-1164

CaClt 4- KaOH 2 HaSiF*. 111-1625

CaFa 2 CbAa, 111-848

2 GcOa, 111-1862

CaHt2 CuO. 1II-1165

Cala 2 I. III-2443, 2444

Ca(NOa)a 2 CoSO*. 111-262

CaO 2 CuPt(CN)*, 1IM229
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c Cuso., iir-im
CftO + c 5 cus, ni-mi
CaO + HCN C CuCN, IIL050
CaO + 11,0 6 CuSO*. IIM263
CaOCl, 5 Co(NO,),, 1II-105

$ Kl. 1114624
Ca(OH), 6 Au,0,(OH),'2HA II 1-2027
CaO, 6 AuCl,, 1IM963
CaSO^ e HI, 111-2309

Ca,Fa(CN), 5 Cu,F*(CN)4, IIM425
Cba* C CbiO., III-840

Cd 6 Au, 111-1013

5 Cu(C„H„0,>^ 111-102$

Cd(CN), 6 ICl, III-2460

Cd(NO,), $ KCbO,, iri-S73

Ce(S04), 6 HA, 111-22$$

$ Nal. 111-2660, 2661

Cl e Au, IIMOU
$ Co,(NH,)»{SOd,l,, III-645

e H,0, 1II-2228

t It, 111-268$

Cl -I- SO, $ HA 111-2229

a + light e D,, III-2073

a- e Cu, 111-926

e I,, Iii-2$i7

cr -I- CuCl,8 Cu**, 111-940

CLCHsCOOH e HSOiP, IIM618
Cl,6 Au. 111-101$, 1916, 1917

6 CiCJ,, III-1697

6 Cb, in-823

e Co, iir-4

6 (Co(SCN),ea,|C], 111-420

C Cu, ni-887

6 |Cu9(C,H«N)i]Clb 111-1420

6 DiO, 111-1492

$ Ga, 111-1669

6 Ge, III-1741, 1742

6 OeCI,, 111-1762

e GeH, III-1612

6 G«,N«, III-1896

6 Ht, 111-21 84, 2185

a H,0, III-2230

a I,, Iir-2$16, 2619

a In, III-2331, 2322

a IniO,, 111-2350. 2360

a Ir, 111-2686, 2687

a KIO,, III-2646

a NaF, III-I647

a NdO, 111-1492

a PrO, 111-1492

Cl, + CO c CoO, III-2I8

n, -i-H,oaia, ui446i
a, + (KOii) a Rbio., in-2677
Cl, -I- RbOH a RhI, I1I-2675

Ol, CH COOH a nsO.F, 111-1618

CIA a ICU 111-2486

Co** 6 Fh 1 1 1-1598

Co(CN), a CoO, riI-219

Coa, a ICo(NH,),en,)Cl,. 111-552

a KCbO., 111-872

a K,ro(CN),, iir-312

Co(NOi), a KCbOfc 111-673

Co,(NH,>,*(NO,)AU a Co, (NH0i,(NO,),.
(KOi}«, II 1-644

Co,SO« a Co, (80,),. III-675

CrO, a CuiCOfc 111-1417

CrO, + NHAH a CuCO„ III-077

CaBr a AuBr,, 1 1 1-1943

a CbOBn, 111-833

CaCN a CuCN, II1-958

a IQ, in-2462
CaCl a AuC],, 1II-1964

a CbOCU I1I-836

Csl a AuCl,. 1 11-196$

CaOH + H,F,aCb,0,, IlI-8$0

Ca,CO, a HlO«, 111-2431

a lAi. 1II-2613

CtfCO, -I- HCN a CuCN, III-950

CS,F, a KaGeFi, 111-1900

CStSO. 6 Ga,(SO,),, IIM717
a IriCSOOa, ni-2721

CsAeO, a ln,(8aO«),*10H,O, 111-2373

Cu a co(C„HiiO,)^ iir-si

a CuQh 1IM074, 1075, 1099, 1111

e Cu(NOa)i-4KH,, 111-1166

Cu + NH, a CuCO,(NH,),, IU-U84
CuKHiCI a CuO, 111-1166

CuBA« 4* C a Ou,B«Ot, 111-1396

CuBr, + Br- a Cu*+, 111-941

CuCN a la, 1II-2463

CuCOa a Ha, 1II-2166

Cua a K,Co<CN),, 111-313

Cua, a Cu, III-868

CuQ, + 0, a Cu, 111-889

CuCl,-2HA a Cua, (KCl),«2H,0, III-

1110

Cu(H,PO,)i a CuSO«, 111-1264

Cu(NO,), a KCN'2Cu,- (CN)^ 111-1487

CuNI + < 0 CuCI, III-1037

Cu(OH), 6 Cu, III-890

a (ECOO)tCu, 1IM4S4
CuP a CuA, 111-1434
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rusecu, nr-922

fojCU. lU-1076

ruSO* 5 Ou<CH,COO),
.111.054

e KCbOj, 1 1 1-870

eKH,CO,(CN)ulliO. 111.818

8 KL ni-2625

I KA(CK)., III-314

8K.Cu,(CN)., 1IM489

8 Nft.Cur,Oi,. 111.1352

CuA e ICI, in-2464

c" MnA « C«,S. I1M451

CaOeCuOCuSO.. 111.1167

eCuiS, 111-1452, 1453

rQ,0 + 0 ft
CO,H,(NH,>,, 111.1214

cu,seCua„ n 1-1076. iot?

8 CuiO. 111-1435

Cu,P> 5 <'<•'

DBr ft 0,D,. II1-2063

DiftK,. 111-2187. 2188

D,0 5 HA 111-2082. 2188. 2256

e H,0,. 111-2256

DA8 H,0,.111-2266

E

Er(NO*)> 5 (NH*),SeO„ 111-1520

ErjOift H,80., I1I-1653

F

F, 8 C, III-1636

e KHCO,. IIM613
5KHS0„ 111.1613

F, + H,0 ft H,CrO-, IIM613

8 MntlSO,),. III-1613

8 NftjPO^, III-1613

F, + HtSO- 5 CoSO*. III-1613

g MnSO^. 111.1613

Fe ft CO,, 1II.2232

6Cua, (Ka),-2HA Ul-llll

gCu(NO,),, 111-1142

8 CuO, II1-1168

8 CuSO^. in.1265

g Cu,Cl,, 111-1402

5H,0, 111-2231. 2232

g I,. I1I-2520

Fe(CN)j e lOr. I1I-2491

FeCl, c CuCU III.1078

gCuA 1II-1284

FeCl, ft Cu, 1II-891

5 CuO. 111-1169

C Cu,S, III-1454

ft HI. 111-2400

ft H,. UI.2I89

ft HtS. II 1-2295

ft KAo(CN),. 111-315

Fe(NO,), ft Ag, 111-1450

PeO ft COfc III-2232

ft CuO, IIMITO
ft HA ni-2232

<FeO,-2Fea,) ft HA 111-2257

Pe(OH), ft H3, 111.2206

FeS ft Cu, in-892

ft Cua,. IIM079
6 CuiS, 1II.1453

PeS, + KHCO, ft CuCO,. 111-978

Peso, ft AuCt,. 111.1966. 1067

ft CoiO,. I1I-664

ft CuO. 1IM171
ft CuSO., 111-1266

ft KI. ni-2627

&KAo(CN),, 111-316

Peso, 4- « ft CuSOi. Iir-1267

FeAUftCu. 111-893

PeA>ft HI, UI-2401

Fe,(SO«) ft Cu, in.804. 895

ft CuO, 111-1172

ft CuS, IIM457
ft CuiS, 111-1455, 1456, 1457

Fe,<SO*>, + Fe ft CuSO,, 111-1268

Fe,(SO,), -I- HfSO, ft CuOH, III-1202

G

Ga ft Gta,. III-1708

Ge ft GeGi. 111-1796

ft CeF«, IIM808
GeCI«e Ge, 111-1743, 1744

GeStftGe. III-1745

H ft DA ni-2081

ft Gea,. 111-1797

5 InF, 1II-2352

ft ln,S,, II1-2367

+ I- ft IO7. III-2493

HBOift H,Fft III-1620
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HBr 6 Audi, I1M06S
C Co(NO,)Cl,(H,0) IIM66
6 Co<NO,),C„H,«OBfSOa'en pn,IIM80
e Cc^(NOi)ja-3NH„ 111-182

e Co(KOOa *en pn, 111-184

C lCo(NH,)j(C,0<)OHI, IlX-333

« (CoOHBrien,),, 111-341

€ iCoClBrcn,|Br, 111-347

e lCoCD,^n,IBr, 111-348, 34D
e (CoH,OClen,IBr,, 111-372

5 ICoH,0(OH)cn,!Brj, UI-373, 374

5 (CoKHiHiOco^lDn, 111-308

e (CoCO^mlCl, I1I-422, 423

e (CoCmCSenjlCl, I1I-424

C (Co(NH»),Cl:ecilCl, 111-426

6 {CoH^OCkSslCi), II1-609

e (CopDilCU 1II-537

e lCo(NH))iCtO«HsO|NOt, III-668

6 lCo(NHi),ent|<Oll)). II1-663

e [Co6rNCSen,|SCN, 111-602

« (CoClNCSenilSCN, III-603

6 [CoOKenil&CK. I1I-604

e (CoOHNCSentjSCN, III-605

e [CoCkHiOetislSOi, 111-619

6 Cot<NOi)«(NO)tNHi),* HA 111-649

6 Coa<SOi)r6NH», 111-671

e Co,(S04)i(NO}>(NHi)i*-2HA 111*672

6 |Coi(NHi)«OHNH,OH)Br,, III-683

e lCos(NHi)«(OH)iNOiIBr>. IU-685

6 ICoi<NHa)40aNH«OK|Br,, III-688

6 tCot<OH)«en«)Bri, 111-606

5(Coi<NHi)*C,HaOa(H,0),NHi)(NOi)4.

III-776

e (CoNOiNCSeatlaSOi, III-797

6 [Coi(NHa)aNH»OH|(SO<)v 111-801

e [Coi(NHa)aNH,Oi](S04)t, 1II-802

6 Dj, III-2074

6 EriO., 111-1539

5 GeBr,. IIM772
e Ge(CH,)*, III-1779

e GeHt. 111-1832

6 GeOa. IIM863
« Gd,0,, IIM673
5 HiOa, III-2258

S (lrCl,(NH,)4p. II1-2743

HBr -I- Xa,8A « ICoNHaNCS^DiKSCN)*.

III-616

HBr -f SO, C (Co,(NH,)ANH,OHlBf„
I1I-689

HBrO, e HI, II1-2402

IICHO, c HAuBr,^ III-2039

H CBjCO, + 0,6 CutSO,, 111-1463

H(CH,),PO, 6 ErjO,, 111-1542

e GdtOfe 111-1674

IlCN 6 CuCN. 1IM458
6CaO, 1 11-1173

6 CiiiS, ni-1458

CHI, 111-2403

nCOH € IIA, 111-2259

HCX)OH 6 CuCO,-Cu(On),, 1IMI90

€ CuO. 111-1174

eCuA I1M166
6 ErAh 111-1540, 1541

6 Eu(OH),. 111-1576

6I„ 1 11-2521

HCOOH + NH^COOn 6 CuA 111-1188

HCOONa 6 CuSOi, I1M25I

6 U III-2522

e KIi, 111-2558

(HCOO)A e ((HCOO),-3Cu(OH),l, HI.
1484

HCiHA 5 ICo,(NH,)4(0H),C,H,0,IBr,,

1II-684

6(Co,(NH,).(OH),lBr,, III-691

6Er,0,, I1I-1543

e OdiO,. IIM675
HC,llA + NaNOi e |Co,(NH»),(OK),|-

Bru 111-692

(HC,HA) e [CoClNO,«n,)SCK, 111-606

HC,H,A 6 CuS04, IIM260
Hd 6 A8,Ir(CA4)». 111-2683

6 Au, I1M918, 1919, 1020, 1921, 1922,

1925

6 Aud,, 11M969
6 CNI, 1II-2382

e «C,H»)Ae)A 111-1737

6 <C*H,0,)«-KMa, III-2395

e CbAlh 111-827

6 Co(Ci,H„0,)a, III-82

6 Co(NO,)id en'PD, 111-181

6 Co(NO,),*e& *pQ, IIM85
eCo(NO0i-3NHi, 111-188

6 [CoNH,(NO,),eiiK 111-334

6 (Co(NH,)a«itI, III-682

6 [CoCOien,)d, III-426

6 (CoClaenalCI, 111-546

6 CCo(NO,),pn,ia, IIM27

6 (Co(NH,),CO,enlCI, 111-428

e (Cokcsci(C,h.n,),)cio4 ,
iiwss

6 {CoKHiNOtendda, III-510

6 (Co(NH,),C,04H,0)NO,, 1II-569

6 [Co(NC8),efi,]SCN, 111-594
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C |CoNO,NCSea,lSCN, 111-607, 608, 609

e fCoClHiOcnalSOi, II1-620

5 tCoNH«NOteii»13*0*, 111-626

5 (CoH50NCSen:l?S,Oi, 111-627

C Co(NHi)«(NOi)»Co, 111-639

e Co,{NH»>»(SO.)>I*, III-646

5 Co:(NO,)4{NO)i(NH,)i«'HA ill-ftSO

« CotOi, n 1-105 ,
666

t Co,(OH),av8NH,, in-669

6 Coi(SOj)j 6NHj, III-67I

R Coi(804),(NO),(NH»)i«-2HA 111-673

C [Co*(NH,)4(OH).C,H^:lBr„ 111-693

I |Co,(NH»)iNHiO,I(CO»),, 1 11-780

a (Coi<NHj)«CNO,)0Cli, 1 11-709

B
fCo,(NH.)«NH^HO,lCl,, IU-723

e lCo,(NH,).(OH),NH,lCb, 111-724

C rCo,{NH,),(OH).NOtia„ II 1-725

MCa,(NH*).H,ONHiaia*, 111-728

e (Co,(NH,),pNH,lCU, 111-750

e (Co.(NHi)i(h*o)4NH,sOj1(NO»)^, ni-

791

e (Cp.(NH,)4H,ono,nh,ohi(NO,)„

III-761

B (Co,(NH»).(0H).0,](N0»),, III-762

e ICo»(NH»)iNHi804)(N04)i, III-763

B [Cot(NH»)i(HiO>*NHjOHl(NO*)4, III-

777

B |Co*(NHi)iNHiNO,UNO.)4, III-778

6 fCo«(NH,).NHtNO,l(S04),. III-803

B (Co,(NH*)»NH,0t](804)t, III-804

B Co*0«, III-815

B (Coi(NHi)*(0H)4ia,, ni-820

B Co, III-1303

6 CuCl-MHa, in-1056

6CuCifCua*NH„ in-no7

e (Cua,)rNHa, 111-1113

B Cu(NOi)i, 111-1143

BCuO, IIMlOl, 1175, 1176, 1411

B CuOfHtO, in-1226

B Cu804, III-1270

BCu,C,*HA ni-1419

8 D,, III-2075

BDyiO*, in-1603, 1504, 1506

B Er(OH)*, 111-1527

e Er»0,, 111-1544

B Eu*0,, 1II-1577

B Ft, 111-1599

5 Gft, 111-1690, 1691

B Ga(C,H,)«OH, III-1703

B GdiO», I1I-1676

B Ge, 111-1744, 1746, 1747, 1748

c GeCl,, 1II-1783, 1784

e GeH4, IIM833

.

e GeO, 111-1852

e CeO,, 1II-1801, 1864

B HCiCmA I1M486
B HI. 111-2406

B HID,, HI- 2420

B HID., ni-2432

e HtOi, II1-2260

B ICN, III-2451

e It, III-2523, 2524

B In, I1I-2323, 2324, 2325

B IntOt, III-2361

B MgiGe, 1IM907
6 MoOt, III-2U8

bNHi Nit, 111-2654

HCI + NH, B CoO, III-220

HCl + NH4CI B ItC1», ni-2693

HCI + 0, B C«a, IIM038
HCl + « B Cu804, IIM271

HCI + A e AgilrCIt, 1II-2682

6 AutOi(OH>i, 111-2085

HCIO, B It, ni-2525, 2626

H<nO.B CoBr,C*H70»-enfHA ni-30

BCoBrtC,H*NOtent, 111-32

fi CoCOt, in-51

B Co(OH)i. 1II-234

B iCoClNCSentlBr, III-360

e (CoNHiBreotlBft, 111-375

B (CoNCSa(C>HiNi)tlCl, 111-468

e iCoCISCNeDtlCI, ni-627

B |CoNCSBr{CtHiNi)ilC104, 111-356

B |CoCU(CtH.Ni)tl8CN. 111-491

B (CoBrNCSentlSCN, III-610

B Cot(CI04)4(NO)t(NHi)tfHA ni-651

B rot(NHt)4(NO)t(NH>)j«-HtO, 111-661

B Cot(N,0,)(NH»>tt(NO,)4, 1II-661

B It, III-2627

B In, 111-2326

HP B CbAJ, III-828

e Cbll, 111-830

BCbOFr2KF, 111-839

B CuA 111-1436

6 ErClt, 1IM509
e Er(NO»)», 111-1509

B Ga, 111-1692

BGaA. IIM692
B GeOt, I1I-1865

B HCbOi, II1-867

c HtCrOt. III-1613

e IntOt, III-2362
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e K, 111-1636

6 KIO,, nr.2647
a RblO,-HIO,, 111-2678

HI a Au» 111-1923, 1924

a 111.2029

a CNI, 111-2383

a 111-2104

a Cu, in-896

a CuO, ni-1177
a CuA in-1459
a D,0„ 111.2088

a Er,Oi, 111-1646

a QeHth, 1IM830, 1834

a GeHil, IIM830. 1834

a Gelli. 11M834
a Gelt. 111-1840

a Ge(OH),. 1IM864
a GeOt, IIM866
a GeS. I1M886
a HlOt, III-2421

a HtOt. in-2088

a ICN, 1II-2462

a It, in-2628

a KtlrCk 111-2726

HlOt a CoCOi, 111-62

eCot(NO»)«(NO)t(NHt)i»*HtO, 111-662

a Eri(S04)>. IIM661
a HI. II1-2404, 2406

a It. III-2529

IIlOt + HCleHI. II 1-2406

a It, ni-2530, 2631

HlOi a IIM817

HN. a Cu(OH)i, ITI-1207

6 OutO, ni-1437

a HI, III-2409

a itOt. in-2614

HNO, a CtHtNHtHF. 1IM687

a Co(NO,)(OH>, I1M76
a(CoNH,H,OeDilXt, III-633

8 HI. in-2142. 2407. 2408

a HtOt, III-2261

a KI, 1 11-2626

HNOt c AuOOH. in-2026

a Co. III-6

a CoBrCOtent, III-26

a CoCOa. 111-63

a CoCOiNO>'4NHa, 111-71

a Co(CO)4, III-73

a CoCrO,, 1IM49
a Co(NO,)CIt(H,0) •4NH,. 111-167

a CoNOtCOrSNHi. IIM89

a (CpCOjontlBr, 111.35!

a |CoNH»BrcniIBrj, 111-376

a (CoXHiNOtcntlBr^ 111.377

a lCo(HtO),en,lBr,, 111490. 400
a (Co(NH,)H,Oen,lUr,. III.401

a (Co(NH»)>Cl,cnin. ur.429
a (CoNOtNCScntiC'l, 111-421

a [CoCI<CiHtNt>t(C*ILN)Cl,, in..5ll

a (CoNHtClentini. 111.512

a (Co(KH»)fent]<'L, 111.538

a (Co(NOi)ieat)NOi, 111-570. 671

a (CoKHiHtOentKNOi)}, 1 11.609

a [Co(KOt)tentl<NOi)>. III-OOO

a Co,(NH«)i«<SO«}tIi. III-643, 646
a Cot(NO,)4(NO)t(NH.)u H,0. III.653

674

a Cot(NtOt)(NH0ii<HO|)<. 111.662

aCot(SOi)r6NHi, 111-671

a Co,{S04)i{NO)t(NH,),f2H,0. II1.674

a (Coi(KKt)»Br4NHtlRr. 111-678

e (C©,(NH,)tC!NIl,NOta|CI,, III-71C

a |Co,(NH,>4I»0CltNH,niCl,, 111-711

a [Cot(NHi)»OHCINOtCl|Clt. 111-712

a [CotCNHOiOtatNKtlClt, 1 11-713

a (C©,(NH,lt(OH),NOtlC!,, 111-726

e|Cot(NH,)iHtONHtCI]a4, IIT-729

a |Cot<NKt)iNHiNOi)Cl4. I1I-741, 742

a (Co,(NH»>t(H,0)tNH,OH;(NO,).. Ill-

779

a (Cot(NHi)tNHiO,l(80,),. 111-806

a lCo,(NH»),NHt804]SOrHS04. I1I-799

a Cu, ni-807, 898, 899, 900. ODl, 902

a Cu(NO|)^ I1M146
a CuO, ni-u78
aCuS. 1IM232, 1283

a Cu,SO<-4NH». 1IM469
a DiO, III-1493

a DytOt. 111-1505. 1606

6 Er(OM)t. 111-1628

a ErtOi, IIM546, 1547

a EutOt. 1II-1678

a Ft. 111-1600

a Ga, I1I-1693

a Gt, 1II-1749

a GeSt. 1II-1888

8 GdtOt, 111-1677, 1678

6 H, III-2106

a HtS, 1II-1232

a It, 1II-2632. 2633, 2640

a In. I1I-2327

a loCIt, 111-2351
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e Ip(NH*)«(OH)», 1 1 1-27 1

8

. tf- III-317, 318

HNO* + CjHiNi 5 (Co,(NHi)$NH^iI-

rNOs)«, 1 1 1-780

HNOi + NH*NO, 6 (CoOHNOSemlSCN,

HKO»^ + NftNO: e (Co«(NH»)»NHjO,l-

(NOj)*, in-781

HKO» -I-
Pb(NOj)* € UtOj, III-2315

HNO. « HA in-2261

llO .C.H*COOAg 8 It, 111-2534, 2535

HOCl 8 HCJ, 111-2127

e HF, IIM615

HPOr" 6 L, in-2538

KSCN C ErAi, IIM548

6 H,. in-2190, 2191

H» 8 Au**^*, 111-1042

e AuCli, 111-1970, 1971

eCHiONaCOONft, 111-2200

fi CbA. nL861

tC\. 1 11-2073

€ CoBr,, IIM9
5 CoO, 111-78, 162, 22

8 CoiO,, 111-666

6Cu<NO.)f, in-n44, U45

« CuO ui-ooo, I no. 1180, nsi

€<MS, 111-1234

eCuSO*, II 1-1272

8Cu,C„ III-1418

C Cu^i, IIM272

8 DA in-2187

C G«, ni-1750, 1751

8GeO„ III-1867. 1868

8 GeSt, 111-1889

6 G€iNi. 111-1894

8 GcNi, U 1-1897

8 HDO, Iir-2187

5 HSO,, 111-2152

6 iCl, in-2466

C ln,0,, in-2363

6 SiF„ ni-1624

Hj 4- H 8 0,, I1I-2205

H, + « e HjlA., III-2436

Hj -t- A e HAuBr*, III-2040

H,CO. 5 H,0„ ni-2262

HAA- « AuCU, 111-1972, 1973

5 (CoClOt 111-126

8 [Co(NHa)AAAHi. I1I-335

8 lCo(NH,),(NO,),|, III-336

c ICoCl^njICI, III-130

8 Cot(NO,)*(NO)i(NH,)i.-HA 111-654

5 CuFe(CN),, I1I-1421

5 ErCU IIHSIO
8 Ep(NOa),, III-1518

5 Gd(BrO,)i. 1II-1661

8 Gda», 111-1663

8 HAuBr IU-2O40

C HIO,. III-2422, 2423

8 lA^, III-2601, 2602

HAA« + HA 8 KilrCl, 111-2723

HtC>HA« « Co(OH)», 111-238

HA<HA» e CoCO». 111-54

6 CuCOi, 111-979

HA<HA* 6 Er<OH)j. 111-1529

HArO« 8 CoCAi. 111-55

8 HCl, 1II-2121

H.P, e CbAh 111-852, 853

8 CoCOh 111-58, 57

8 CoO, 111-223

8 Co(OH)i, III-236, 237

8CuCO, 1II-980, 981, 982

eCuO. UI-U82
8 Cu(OH)t, in-1208

8 Fe(CI>0,)h in-865

8 G«Oi, 1IM869. 1870, 1871, 1872, 1873

HiFi + NHi 8 Co(NOi)*, 1II-196

8 CoO, I1I-222

HA « AuCOCl. 111-1949

8 AuCl4, n 1-2019

8 Au(0H)S04, 111-2021

8 AoSOi, 111-2026

8COa», 111-1412

8 CjHAN, 111-1728

8 (C«IU)A«Br, 111-1735

8 CbA*, 111-644

8 Co, 1II-7

8 (CoBrOHeojlBr, 111-352

6 CoCO,. III-207

6 CoCIBri(HA)*3NHi, 111-84

8 (Coaj(CiH»Ns>jlCl. II1-431

6 Co(CI04)f6NHi. 111-87

8Coaf6Nllh riI-135

8 Colt 2HA, 111-157

6 Co{NH,>.(NOt)t. 111-161

8 Co(NOt)Clf4NH,, 111-165

8 CoSO., 111-263

8 Co,PA7. ni-670

8 Coi(NH,)tHABrNHtBr4, II 1-697

8 CuCl, 1II-1039, 1040

eCuKCAiHt. 111-1160

cCuKNACAtHt, 111-1131

e Cu(NH*)4SO* HA, IIM306
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e CuNftC.O,H,, III-1160

c CuO,, ni-1276, 1W2
a C«(SCN>,, IIM242
a CuSO., IIM273. 1274

a CuSO*-5NH,OH, in.1379
a Cu80*'5NH,, I1M38S
a CuStOi, 1II.1388

a CujFeCCN),, I1M422
a CujPjOt, in-1350
a CusSO«, t]M4$4
a Cu,SO*«4NH„ IIM470
c CuiiFe(CN),l„ IIM422
a D, m-2081
a D,0, 111-2091

a DijOsCL, IIM501
6 Er(BrO,)j, 111-1555

a Erlir,, I1M53D
a Er(COOH)i. I1M540
a Er(IO>)). IIM55t
a Er(SCN)», I1M548
a Eri(SeO<)9, 1IM531
a Pi. IIM601. 1502. 1503

aFei(Pe(CN)i)i, 1II-1422

a F44(Fs(CN)«U, 111-1422

a IIM702. 1703

I1M705
a GeBr«. II1-1775

a GeCIi, 111-1784

a GtCU, 11M798
aGeClrOKHi. 111-1807

a GeF<. IIM809
a GeHCli. IIMS14. 1815

a GeHiCli. IIM822
aGeHiCl. IIM825
a Gel«. IIM845
a G«NH. III-1849

a G4(S0,}>. 111-1755

a GeSt, IIMSOO, 1891

aH^ UI-2111

a (HCOO)iCa, III-1484

a HD, I1I-2000

a HI HCN, III-2416

a HSCN, III-2151

a HiS, III.2297

a H,Ir(C,04)», 1II-2683

a ICN, I1I-2453

a ICl. 1II-2466, 2467

a ICli, 111-2487

a It. in-2537. 2538, 2530

a ItOi. II 1-2603

c iDBr. III-233I

CHEMICAL REACTIONS

a laC[, in-2333

ainCli. n 1-2334

a 1dF», 111-2353

a (KF),HF PbF„ 111-1683

a KI. 111-2627

a K,IrC!*. 111-2727

a NOiF, 111-1642

a NOtP, 111-1643

a N&Cb, 1II-880

a N&HGeOt, III-IOIO

a SOi. II1-1365

a TeF*. 111-1559

a ZnFt. in-1560
H,0 + CiH.COH), a CuSO,, IIM326
H|0 -I- HNOi a Ii. I1I-2540

HiO + O a CuCI, 111-1099

a CuCIt, I1M054
a CuA 111-1054

HtO -bOiaCuCl, 1IM041
HtO -b SOtaa, 1IM042

a CuCli. 11M080
HiO -I- SOt + CHiOH a It, 111-2541

H|0 -l-ta KF KF, 111-1516

a KAu(CN)i, 111-2053

(H|0) + A a AgtHilOi. 111-2876

HiOi a Au. I1M925
a AuQ), 1IM974
a AuSOt. 111-2026

a AutOi. III-2030

a CbOiOH, 111-842

aCbA'HA in-864

a (CoBrNCSenilBr. 1II-353

a CoCOi, in-58
a Coa>, 111-95

a CoO, 111-224. 225

a Co<OH)t, in-238
a CoOi, III-232

a Cu(OH)i, 111-1209

a CuSOt, 1II-1275

a CuCOi*2NKi, I1I-1380

a DtO, 1II-2082

a DiOt, 1II-2082

a Felt, ni-2396

a Ce, 1II-1752

a GeS,. IIM892
a HI, III-2143. 2410

a HlOt, 111-2424

a HiCoOi, 111-300

a It, 111-2542

a Kl. 111-2628, 2629, 2630

a KiaOFi, I1I-877
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5 K,Co<CiO.)«, in-307

5 NajHjIO., ni-2660

H Ot + HCl C t^^ClNCSentlCl, 1 1 1-432

5 (CoClNCSen,lCIO„
111-493

e fCoHfONCSen*] Cl », III-5J3

8 (CoClNCSontlSCN, 111-612

C H,CoO„ III-301

H,0» + KHCOi fi CoCO,. in-59

HiPt(CsO*)» 6 Co(OH)*, 111-239

C Cu(OH),, 111-1210

H,PtCU 8 lCo(NH»)H,OeD,lBr,, 111-402

8 [CoClipnilCl, III-433

5 (Coi(NH,)4(OH),1CU ni-730

H,S « AuCU, IIM975, 1076, 1977

8 Co(CuHnO*)*, 111-63

C CoO, in-226

8 CoSO., II 1-264

8 CojOi, 111-667

fi CuCN, III-1458

8 Cua 111-1043

8Cul, I1I-U23

5CuP«0*, 111-1228

8 CuSO^ III-1276

8Cu3«0., IIM390

8 CuiPtOr, 111-1351

8 Cu*(PiO„)*, 11I-U83

0Od,(8O*)., 111-1683

8 Ge, I1I-1754

8 OqCI*, in-1785, 1786

8 G«CU 111-1709, 1800

8Ge(OH)4, 111-1888

8 GeO*, I1M874, 1875, 1876

8 1. 111-2445

8 I*, 111-2643. 2544, 2545

8 InCli, 111-2337

8 In,(SO.)*, 111-2360

8 IrCU, 111-2733

8 Ira., 111-2695

8 Na,(Ira.), II1-2733

HiSOi 6 CoCO», 111-60

8 mo,, ni-2425

e HIO., 111-2433

8 H,0,, III-2263

8 Ife III-2648

6 KAuBr., III-2050. 2051

HiSOi 6 Ba(IO,),, III-2377

8 Ba,IIr(OH)*l,, III-2740

8 lCoNH,NO,en,lBr,. 111-378

5 (Co(H,0),en,lBr,, 111-403

8 CoCO,. III-61, 62

8 ICo(NH,),a,en)a, III-434

e (CoCl,en,lCl. l!I-435

c CoCl^ I!I-105

€Co(NO,)a,(nrf)) '4NH,, III-108

8 Co(NO,),a-3NH,. III-182

8 CoO, III-227

8 lCo(NO,),en,lOH, III-549

8 ((NH,)*CoNH,0,Co{NH.)dBr., III-682

8 lCo,(NH,)*NH,OH)Br.,
111-699

elCo,(NH,),H,OBrNH,|Br., I1I-698

e 1C©,{KH,)|NH,0»ICU ni-715

8 (Co,(NH»)*H,ONH,Cl)(l4, 111-731

e lCo,(NH,),NH,OHKn., II1-732

8 lCoKNM,)tO,NH,lCl4, 111-733
^

8 lCo,(NH,),NH*NO,l(NO,)., 111-782

€lCo»(NH,),NH,NO,)(NO,).'C,H|N,

III-793

8 Cu, 111-003, 904, 905, 906, 907

eCuO, in-1183, 1184

e UM275
8 CuS. ni-903, 907, 1460

8 CuA 111-003, 007, 1460

8 Cu,S04, 111-907

6Cu*SO.-4NH,, in-1471

e DiO, 11M494
8 Er{OH),. III-1530

eEr*0,, 11M549. 1550

8 EuU,, III-1573

8Eu<NO,),, 111-1575

6 ButO,, 111-1570

eOa(C,H,),-NU„ I1M7O0

8 Gd*(C,0*)„ ni-1671

6 GdiO,, 111-1679

8 Ge, 111-1755

8 H. II1-2I07

8 HAu(NO,)., 111-2048

8 HIO,, 111-2426

8 H*. 111-2192

8 In(OH),, 1II-2327, 2355

8 In,(SO.),, IH-2370

8 Ir(NH,)*Br(NO,),, 111-2702

8 lIra,(NH,).ICl. 1II-2744

8 Ir(NH,),a,, m-2713
8 lr,0„ 1II-2719

8 KAuOi, 111-2056

8 KCbO., in-874

c KI. III-2631

5 KtCoO,, 1II-309

8 KiGeF*, I1I-1004

c K,Co(CN)*, 111-319

eNH^SCN, I1I-2151

e (NHOtCu(CN),, 111-1458
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fi {NH4),Ira,, 111-2732

HtSOi + Fe 8 CuSO,, 111-1278
HjSO* + H,0 e (Co,(NH,),NHrf),!(NO,).,

III-783

HtSO* + 0,5 Cu, iri-ft08

HsS, 8 I,, II 1-2546, 2547
H,Se 5 CoCl,, 111.96

t GeCli, 1IM801
e GeOi, 1IM877

HjSeO, « CoCO,, ni-63
8 CoSeOs, III-298

6 Cu(OH)i, IIH2U
C Er(NOi)i, III-1519

8 Gd3(SeO,)». 111.1686

8 KH«OH, IIM520
H,SoO, + Cl, 8 CuCO,, I11.0S3

H,SeO< 8 Au, IIM927
8 Er(OH)a, IIM63I
8 GB(OH)a, 111-1715

8 GdiOa, IIM680
8 In(OH),, 111-2356

H,SeO* + HCl 8 CuCOi, 111-283

H,SiFa 8 Ir(NH,)»a(NO,)^ 111-2704

H,TiO, 8 CoCl,, IIL97
H,WO« + KaCI 8 EftOa, IIM551
H,BO, 6 (MgO)r Ms(CbO,),, 1II-879

HiCaHaO, 8 CuCO,, II 1-979, 984
H,PO, 6 Co(OH),, 111-240

8 Cu80«, IIM279
8 CuCl,, IIM081
8 I, iri-2446

8 li, II1-2549

Ha?0» 8 CuCl,. III-1082

8 CuSOf, 111-1280

8 I», III-2550

H,PO« 8 CoCOj, 111-64

8 C0SO 4 ,
ni-265

8 ErCl,, ni-1611

8 Ge, IIM756
HiP0« + d 8 CuO,. 111-1083, 1084

HiSbO, 8 KlOa, 111-2648

HaPe(CN), 8 Co(NO,),, HI-197

HaPfO, 6 Er,Oi, III-1552

H«SO< 8 H,0,, 111-2283

Hg 8 Fi, III-1604

8 HjO], 111-2264

8 ISz, 111-2619

8 SOCIF, 111-1656

HgBr, 8 Ge, 111-1757, 1758

Hg(CN), 8 Cu, ni-909

8 CuCrtOy, III-U14

8 BrtSCN),, IIM535
c I,. 1II-255I

Hg(CN>, -I- € lUS.O., llj-230<i

Hg(CNO),8Cu, I IMHO
Hg(C,IL), 8 Ga, 1IMC<)4
llgC'l 8 AuCIi, III-1978

8Ge. 111-1759

Hg(ClO«),8l,. II 1-2552

Hg(1, 8 (Co(NH,),cn,[C||, 111-539

8 ErC1». 111-1512

8 Ge. I1M760
8 GeSi, 111-1893

8 KI. III-2632

HgQ, + RglCHa), 8 In. 111-2328

HgNO, 8 C,H»1, 111-2386

HrNOi 8 KaCo(CN)». 111-320

Hg(NO,), 8 NK,. 111-2309

KgO 8 I„ I1I-25S3

HfO + KMnO* 8 OoCl,. 111-08

HgfO 8 HA, 111-2264

llg,SO«8Cu, 111-911

1

1 eCu, 111-912

8GoHa,, 111.1816

1 -i-ci8Coai. ni-09
1- 8 Ft. 1IM605
8 IO7, 111-2494

IQa, 8 MF, 111-1641

It8 AuCla, IIM979
8 Co, 111-8, 9

8 Cu, III-913

8 Cul, III-1124

8 F,, in-1606

8 Ga, III-1688

8 Ga, 111-1761, 1762

8 Gelt, ni-1841

8 HI, II1-2144

8 HI,. III-2144

8 HaS, 111-2298

8 KiGetSi, 1IM906
8 NH4. III-2656

8 Na,H,IO«, III-2670

8 Rbl, II1-2676

1, + C«H. 8 Rbl, 111-2676

I, + H,0 8 HiS, ni-2299

I, -I- KaOH 8 AaUi, III-2093

I, + SO, -!- CH4)H 8 CuCl,‘2H,0, III-

1109

8Cu80«*5HA nM37S
1& 8 IdQ,, 111-2335
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KmHOiCo(NO,). « CoCU6<NH,), IH-HO

MCo(NH,),(NO,),ia. IIM49

c lCo(NH*)«(NOj)ilNOi, 111-572

V* + C\' B CoCiu IIMOO

V 4- NHj 5 CotOj, III-608

KAuCU 5 [CoSOjcn»|Cl, IIM36

e |Co(NH»)4(NO*)«1NOj, III-573

e (Co»(NH,)i(OH),)CU, in-734

KBr C Au, 111-1029

BAuBt,, 111-1944

e AuCU II 1-1980

a fOlCo<C»H»Kj)<OHlCJ, II 1-437

e |CoCO»«n«lCl, II 1-438

e lCo(NCS)«entlCl, iII-439

t lCoNOiNCS«n«)a, 1II-440, 441

6
|ClCo(C»HiN$)f(CjHTN)lCli, 111-514

C fClCo(C«H«Ni)i<CiH*N)icii» I1I-515

a ia(CaHiNi)iCo(C*H»NH«)lClt, 111-515

I lCo(NOi)ipnilNOi, 1II-580

a rCoNH»NO»«i»)(NOi)i,
111-591

a iC0(NH,),a(H,0),iS04, iii-eai

a Co»(NOa)*<NO)j(NH«)i*‘2HA in-555

a (CoiNHHNOjO, 1(NO*)i, iu-7e4

5 Cu(OH)i, ni-1212

a(Ir(NO,)i(KH,)4lCI, in-2745

aKH(IO,)i. lU-2620

KBrO 6 CuSO*, IIM281

KCN « Aa, 1IM930, 1931, 1932. 1933

a AuCN, III-2033

a AuCl,, iii-mi

a Au,Or4NH,, III-2033

a Au,8i, 111-2034

a C,H*1. III-2392

6 Co, III-IO

8 Co(CN)„ III-45, lOl

5 Co(C,OiHi)i, 1 1 1-56

a (CoCli), IlMOl

aCoOi, in-102, 103

8 C08O4, I1I-2O0

a Cu(NH«)*Clj, II1-1393

6 CuSOi, ni-1282, 1283

8 CuS04«4NH,. 111-1381, 1382

8 Cui(CN)., I1I-U15

6 ICI, ni-2468

8 U, III-2564

8 K,lIrCUl> III-2763

KCN -t- C 6 GeOt, 111-1878

KCN -I- HtO c CutSe, II1-1475

KCN Ot 6 Au, 1II-1934

KCNO 5 CoCl», III-104

a la, III-2469

KCNS8 [CoBneotlBr, 1 11-355, 356

8 iCoNCSBrenilBr, 111-605

8 (CoSO*(CH:COO) ten ilBr • 2H iO, 1 1 1-308

8 (CoCOrfntp. 111-442

a CoCit, 111-105

8 (CoNOtNCSemlNOt, II1-562

8 (CoONOicntlNO,, 111-574

8 lCo<NH»>>C,04H,01NOt, II1-575

a |Co(NO»)>en*|NOi, I1I-576, 577

8 (CoNHiNOiWitUNOi),, III-503. 594

8 iCoHtONCSentlStOt, IU-628

8 C08O*, 111-267

8 ICI. II1-2470

KCNS + (NHi(CH»)CtHi)t 5 OU8O4, HI-

1286

KCtHiOtC KHiCoi(CN)u'HtO, III-819

KC,»HiiO,e CU8O4, IIM288
KCUCuCI, 1 11-1044

8 HtSiFi, 111-1626

a ICI, II1-2471

8NA,OIiOrl2WOt. 1II-2671

a Ntt&Ft, 111-1655

a NktCoCNOt)!, n 1-328, 330

8 TOi<10»)i, 1 11-2681

KCl -I- BftCli -I- N4NO1 6 CuCIi, ni-1085

KCI -I- HCl 6 If, II 1-2701

KCl -I- HtFt6GeO. 111-1853

KClO,a HCI, II1-2U7

Kao, -I- HtSO. a Cu. 111-914

KF 8 GeP 4. 111-1810

a HCbOt, III-S68

KF -I- HF 8 CbOF,«2KF. III-840

(KF),HF PbFia Ir. 1II-2688

KHCO, 8 Co(NO,)i. IIMOS, 199

KHCO, + H,0, 8 CoCO), 111-60

KHF,6Coa,, II1-106

8 DtO, I1I-2083

8 CePt, IIMSU
KHS 8 Coat, ni-107

KHS0.8 Au(OH)S04, 1II-2022

a EffO,. IIM553
8 Fe<CbO,)i, 111-866

KHtCO,(CN)i,-HiO 5 CuSO 4, 11M289

KHtPO* e DtO. 111-2083

K1 a AuCOCl. 111-1950

a AuQt, IIM982, 1983

a (CoBfieotlBr, 111-354

c (SO,{CH,COO),Co(NH,C,H,NH,)tl-

Br'2H,0,111-365
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c CoBrjCkH»Oj «ni HA III-31

5 ICoH,0(OH)eii,lBr,, 111^79
€ (CoNHjNOtcntlBrt, 111-380

« ICoKH»HsOcnj]Br„ 1II-404
e ICoC,0.en,)Cl, IIM43
5 ICoCO,en,ia, III-444

5(Co(NCS),fD,]CI, I1I-445

« ICo(NH,),a,(*Dia, III-446

« lCoNO,NCSen,ia, 111-447. 448
« lCo(CtH,N,),a(C.IUNH,)|CU 1 11-517

5 lCoCJ(CiH,N,),(C,H,N)ia,, III-518
« [Coa{CiM|N,),(C,IUN)lCl,, 111-519

6 (Co(C,HAN)(C,H*N,),iri,, 111-520
e (CopntiCIi, ni-540

8 lCo(NH,),«D,)a,, 111-541

5 (Co<NH,)rfniia„ CA, I1I-545

C lCo(NO,)ipnjlXOt, 111-561

« Co(NO,),, 111-200

e ICoNlLNO^DfKNO,),. 111-592

8 lCo(XH.)9eDi)<KOi}i. I1I-601

8 Co(OH)a, 111-282

e lCoi(XHi)«(OH)AH,0,|Br>. 111-694

5 (Ci>i(NH,)«(OHhin*, 111-735

8 (Co,(XH,)i(HA)iXHAH 1(NO,)4. Ill-

784

C (Cot(NH,)iNH,XO,HNOi)4, III-785

6 Cu<CiH>Of)>, 11L002. 996

e Cu(N0i)3, I1I-1146

e CuS04, m-1277, 1290, 1291, 1292

8 CuS04'4NHrHA nM3S4
8 HiOf, 111-2265

8 ICI, iri-2472

8 It. 111-2555, 2556, 2557, 2558

8 lr(NH»)»Cl(NO,)i, 1 11-2705

8|Irat(NHt)4ia, I1I-2746

8 |lr(NO,)t<NH,)4)Cl, 111-2747

8 |Ir(NH,)tNO,ia,. 111-2750

8 KIOi, 1II-2640, 2650

8 KIO4. 111-2652

8 XOiF. III-I644, 1645

K1 -I- -I- N»,S,Ot C (CotXHAr
«n4l(NOt),, I1I-765

KI -I- HCI 8 Co(OH),, III-246

KI + HNO» 8 Coi(XO,).(NO),<NHt),«-

HA nL656
KI + H,S04 8 Co(OH),, 111-247

KI + HiBOteKIO*. 111-2653

KI + NH,C4H,C,H4XH, 8 CuSO4,111-1293

KIO» 8 Co(NOt)i, III-201

8 Co(OH),, 111-24

1

8 C’oS04, 111-268

8 InCli, 111-2338

8 KI, 111-2633

KIO, -I- HCI c CuSCrX, 111-1239

KlOj + HsSiF» c Kl, 1II-2634

KMn04 8 AuOt, 111-1984

8 CuOH, 1I1.1203

6 HCI, ni-2H8
8 HA, 111-2266

8 KI. II1-2036

KMnO, + Hrf), 8 CoSO,. I1I-269

KMnO, + nSOi 8 CuCNS, 111-070

8GeH, 111-1813

8H,Oi, 111-2267

KMnO< + HgO 8 CoCIi, 111-108

KXH,8Co(8CX)t, 111-297

8 CuXHi, I1M132
8 Cu<NO>)t. 11M)47
8 Cu(KO,)f4NH,, 111-1157

8Snl4, 111-2679

KXOi 8 Co**. 111-18

8 CoClt, 111-109

8 CoCIt, I1M37
8 Irat, 111-2696

8 IrCli. 111-2696

8 KJrCU, I1I-2725

6 KalrCIt, 111-2725

8X«i(lrCl,). 111-2734

KXO, + HNO,8 CoCOt, 111-67

8 C0CI1 . IIMIO
KNOi + XHi 8 C0SO 4 , 111-270

KNOi 8 (CoC,H,04fn,lC,Hi04, 111-503

8 |Co<NCS)tentiCl, 111-450

6 jCoXOiNCSctitlCl. 111-451

8 HCk, 111-2119

€ KF, 111-1632

KXO) + t 8 CuSO., IIM294
KOBr 8 KI. 111-2637

KOH 8 AgF. 1II-1581

8 Au(OH)tNHt, I1I-2023

5 AuiOt, III-2031

8 CM. 111-2384

8 C»H,OCOOH, I1I-1372

8 CbtOt. 111-854

8 CoC,04. 111-76

8 (Co(NC8),m),1C1, IH-452

8 [Co(NH,),(CA4)»|H, 111-338

8 CoNH4(SOt),*4NH,, 111-163

8 Co(OH)i, 111-242

8 (CoClNCSenilSCN. III-613

6 Co(S04), 111-271, 272

6 CuClt, IIM086
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, CaSOo
5 Ga(C,H»),OH,

in-1707

Ua(C,H.)rNH„ IIM707

eGeBr., IIM776

8 GcCit. nM787
eOeO„ 111-1879

8 HAuCli, 111.2048

bHI HCN, in-2417

CICN ni-2454

e 1C), 111-2473, 2474

8 I, 111-2559, 2580, 2561

5 I,0„ ni-2604, 2605

8 Id***, 111-2330

glDO,, ni-2339

8 Ir(NH,)»a», ni-2714

8 KAuBrj, 111-2051

8 KIr(H,0)i(C^*)t, III-2722

C K»SiF*, IIM639

C Ki*Cu,(C,HiOT)*(COa)t, 111-1478

8 NO,F, 111-1646

8 NatlrCU, 111-2738

C SnI., in-2680

KOH -I- CO 6 CoCli, Ill-Ill

KOH + H»Ot 6 Cb»Oi, 1II-S55

KOH + KAHiOt + H»C»H»Ot 6 CuSO*,

IIM296
KOH + NiO» 6 Co$(COi)>, 1 1 1-634

KOH + NftCl 6 NatIrCU, III-2735

KOH -i- Oa 6 CDBfi'6HiO, II 1-22

KOI 6 KCN, in-2384

K8CN e (CoHiONCSeDilBn, III-381

5 (CoH,0(OH)cni)Bri, 111-382

6 [Co(H»0)»«a)Bra, 111-406

8 [CoClNOien,]Cl, 111-453

C(Co(NH,)iClienia, III-454

8 [Co(NCS)aeniia, IH-455

a (CoNOaNCS«ntlCl, II1-456

8 [Co80jen»]Cl, III-457

8 lCoCla«n,lCl, I1I-488

8 (CoHNiClenalCli, III-521. 522

8 (Co(NH»)teBilClj, 111-542

8 tCopn«]Ij, ni-554

5 |Cot(NH»)a(OH),CiHAlBn, III-695

8 lCo,(OH)ien4lBr*, 111-700

e [CoHaONCSemltSAi 111-811

8 CviCN, ni-960

6 CuClt, II1-1078

8 CuSO., IIM284, 1287

KSCN + CaH»K 5 CuSO„ III-I285

KSCN -I- HNOj -I- NH*Br 6 lCo*NH»Oi-

en*KHO»)a, I1I-766

KSCN -1- TiCIi 8 CuCl», 111-1087

KSCSN, 6 I*. III-2562

(KSb0C4H40i)aH»0 8 HCI, 111-2120

KtCOi 8 CbOF,«2KF. ItI-841

8 CbtO*, III-856, 857, 859

e lCo(NH,)ia,Mi]Ci, IIM59

eCoQi, IIM12
e CoCO», 1II-981

8 Cu(NOi)t, in-901

8 CuSO., IIM297
e KaCbiO,*. 1II-878

KtCO, -1- H,C,0. 8 CbiOi, in-858

K,CO» -I- KAHaOt e Cu,(C*HiOt)j, lU-

1478

KiCaOi 8 CoCfO*, in-77

8 Cu,Fe(CN)4, 11M423
6 I,, ni-2663

ein,(S04)», II 1-2372

8 KalrOa, 111-2724

eKalfCU, II 1-2728, 2729

KAHtO* 6 CoCaHtO., 111-79

KfCAeCoClrHtOSNHj, 111-142

5 Co(NOi)i. in-202

8 Co<NO»)i*<HtO)t«4NH,, 111-216

8 COj(NOi)«<NO) i(NHj)m •HA 1 1 1-657

eCu(NO,)i. III-1148

8 HD, III-2I21

8 InCl», 111-2340

8 KI, m-2638 , _
KiCffOT^ (Co(NHj)4(NOi)i1NO», 111-578

8 HO, 1II-2121

8 HaOa, III-22S8

8 KI, II1-2639

K*Cr,0: + 11,80* 8 CuA 111-1438

K,F,eCb,0,, 111-853

8 H,GeF*, 111-1901

K,HC,HA 5 HCI, m-2l22
K,H«(CN8)* 6 OiCli, 111-1088

K,HgT. 8 Co(NO,),*6NH,, III-213

8 Cu(NO,)i'4(NH,), 1II-1158

KaO* 8 Au, 111-1935

K,Pb(NOa)* 8 K»Co(NO,)*, 111-308

KaPtCl* 8 (CoNH|Br«na]Bra, III-383

8 lCo(NHi)HaOeD,lBr„ III-406

8 Co(NO»)Cli(HA*4NH,, 111-169

e lCo(NH,)*(NO-),lNO,, in-579

8 lCoi(NH,)*AcNM,OH)Cla, HI-755

8 tCo,<NH,),(OH),ia4, in-736

KtPtn, 8 (CoSOaeoijCl, III-460

KaS 8 CuNOa, I1M138
KfSO* 8 Cu(CH,COO)*, III-954
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5 Er,(SO*)„ 111-1553, 1562, 1563
8 Gd,(S04),. IIM684
8 |Ir(N*Oa)»(NH,).jCl, III.2748
« Iri(SO,),, 111.2721

KjSO, + H:0 6 CuSOi. I1M298
K,8iO, 6 CuSO., m.l348
KSiOi 6 Co(OH),, ni-272

8 HiO,, 111.2269

8 CoSO„ 111-273

5 Er,(SeO.)*, I1M570
8 Gd,(Se04)», IIM687

K,T«0, 8 Cu(NO,),, IIM149
KaC,H»0rH,0 6 Cu,(C»H40t)»-Cu0-

2H,0, IIM479
8 Ha, 111-2122

Ki(Co<CN)4] 8 (Copo,)!,. 111.555

8 Gd(K04)a, 111-1666

K,[Cr(CN)») 8 (CoenalCl,, III.843

8 [Copoalla, 111.556

8 Co(NOi)), ni-203

8 Cua, 11M045
8 Cu80«, IIM299

K,lCr(Ci04)jj 8 (Co(NHi)4(NO,),1, 111.337

8 (CoenalBn, 111-407

8 [CopDilL, 111-557

K,Fe(CN)* 8 CuCN, III-061

8 iCopniHi, ni-558

K4pe(CN)i 8 CoSOi, 111-274

8 (Co,(NHa),4(NO,)4)ai, UI-714

8 Co,Fe{CN)$, III-637

8 CyCN, III-966

8 CuCK NftCN, III-960

8 Cua, 111-1050

8 CuSOi, 111-1300, 1301, 1302

8£rai, 111-1513

8 GaOa, 1IM709
8 Ga(NOa)i, I1M714
8 HCI, 111-2123

8 loaa. 111-2341

8 Ir(NH,)*a(NO»),.111*2706

K^PaOf 8 Cu,P,0,, III-I446

t

Li + CiHiNHj 8 Ga{CHa)i, I1M700
LiCl 8 (CoCljemin, III-461

LiNO, 8 (CoHjOClenjjBn, III-384

8 (CoNHaBrensIBn. 111-335

8 (CoBrNCSetisIClO., 111-496

8 (CoClMCSenj)Cl04, 111-494

8 (CoClSCNeojiaO,, III-627

LiOlI 8 CuCX, 111-1)65

UfC,04 8 UlI^(1^ 1II.273I

y>SO«8 CuSO„ 1IM303
Li4Fc(CN)i c CuCN, II 1-062

8CujFe(CN)4, 111-1424

M

Mg 8 C1>OCU 111-837

eCu, Ill-Old

8 DA 1 11-2084

8Ge. I1M764, 1765

8GeOt. 1 11-1880

8 HA in-2084. 2233

8 IntOi, 111-2364

Mg(CN)»8 CuCK, 111*056

MgCO»8Auaa, 111*1085

MgCtdCufO, 111-1439

8Eri(804),. 111-1564

8 KCbO,, m-871, 872

8 GeOt, Ili-I88l

Mg((lCO,)i8Aua,, I1I-1086

MgO 8 AuQi, 111-1987

8 CuCI, 111-1048

MgO + HtO e Inai. ni-2342
MgOH 8 NaF, 111-1648

Mg(OH)a 8 AuCIa, IIM946
MgfF«(CN)4 8 CuCN. 1II-963

8 CutFe(CN)«, I1I-1425

Mg,Nt8HA ni-2234

Mo(CaiaOa)i 8 AuCU, IIM988, 1989

U^Cli 8 Au, IIM936
MnOa 8 C0SO4. 111-292

8CuI. III-U25

8 HI, 111-2411

6 KF, 111-1632

MoOa -f 0, 8 KOH. 111-2308

MnOa 8 KI, 111-2635

M11SO4 8 K|Cut(CN)». 111-1490

MntOa 8 C08O4. II 1-292

Ktot(S04)a 8 NsHi, 111-2311

MoOt 8 HCI, 111-2155

8 KlOa, III-2651

8 NalOa, II1-2664

MoOa 4- HF 8 CuO, 1IM185

K

NCSCHfCOOH 8 Cuat, 111-1004

N(C|Ha)a8CtHaI, 111-2393

NHAH 8 Cu, in-916
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jCaO, IIM186, U87

e CviSO*. 1II-1304, 1305

6CuSOr2NH,OH, IIM378

aCuAni-1440
III-1002

Cl,. 1 11*2564. 2565

MHiOH'HCUCoCl,, III-113

N t OH H^.2Ca(OH),.IlI*m3

(NUiOH)f HCl + KOH 5 CuSO.«5H|0.

111-1376

NH> C AgiIt(CN)i, 111*2730

8 Au(OH)r4Aga,
111*2024

c CO, in- 2167

C C,H.GeI„ III-1727

C Cb, III-824

C CoBr*, 1 11-20

C (CoCl,en*lCI, 111*462

8 [CoNHjCliHtOenlCl. 111*464

e iCoClNOtenilCl, 111-466

C|CoCl,eci,l Cl. 111*467

C(CoNH>Clcn,l Cl CIO 4, 111*400

8Co(ClOi)i, 111*66

cCoCii, ni*ii4, U5, lie, iis, no

8 (CoNHiCl«ntlCli, 111-523

8 Co(lO>)i, 111-160

8 Col., I1M86
8Cb(NH.)i, nH60
81Co(NH,).(NOi)4)NH4,

II1-340

8 (Co(NH.),C.04H.OINO., 111-580

8 Co(NO,)., 111-204

eCo(OH)i. 111*118

8 C08O4, HI- 275, 276

8 (Co,{NH,),Br.O,NH,lBT,. 111-681, 682

8 lCo,(NH.)*O.Cl,NH,lCl„
111-715

8 lCo,(NH,).H.ONO,NHrf)HKNO,K
HI-

767, 768

8 Co.N,, 111*160

8 CuBr, IIL947

8 CuBrC,H»0.‘2NH,, 111-948

8 Cu<CNS),-4NHj, 111-074

8 Cu(C*H»0.)., 111-007

8 Cu(C,H,0.).‘2NH,, IIM012

6 Cu{C,H. COO)., III-1016

8 Cu(C,H*Oa)j, 111-1020

8 CuCtHiOiS, III-1023, 1024

8 CUC1O4. 111*1029

5 CuCl, III-1047

8 Cu(aO»)., IH-1057

8 Cu{C10,):-(NH,)4, III-1058

8 CuCl,, III-1080

8 CuFi, 111-1115

eCudO,),, 111*1127

8 Ca{NH»)tl.. II1-008

8Cu(NO»)t, 111-1150

eCM(NOa).'4NH,, I11-U50

6 Cm<OH),, ni-1207, 1307

e CuSCN. 111-1240

8 OUSO4. 111-1307. 1308

5CuS,0* 4NH,, IIM386

8 CuSiO*, IIH387
eCuSlF* 4HA IIM301

8 CuiCIi, I1M403
8 D, 111*2066, 2068

8 Dj. 111-2076

8 Oft, m-1695
8 GftBr>, 111-1696

8 0aBrr6NHi, 111-1696

8 Ga(CiH.)<, 111-1704

BGaCIi, 11M710
8 Gall, 111*1605

8 0«, 111-1763

eGeOi. III-I8O2. 1803

6C«H<a., 111-1823

6GeH.CI, HM826, 1827

8 Galt, III-1842

8 GeL, 1IM847
6 GeOt. 111*1882

8 IlCI, 111*2124

8 IliGaFi, 111-1003

8 ICI, III-2475, 2476

8 It, in-2566

8 ItOt, 111-2614

8 NaairClt(NO,>il, 111-2755

NHj*f AgNO. 8 (Cot(NHi)*ClNO»NHj)*

(NOi) .,111-769
^ ,,,

NH» -f HBr 8 (CotCNHi).Cl>OtOH|Cl. Ill-

704

NH» + HCOOH 8 Cu(OH)i, 111-1214

NH, -f HtO 6 Ou(CK)i, I1I-1283

8 Cuart(CN).i. 111*2684

8 SO., ni-2300

NHi *1- KI 8 [CoCtO^eotlCl, 111*465

NH»*l-K8CN 8 iCoClNCSen.lSCN, HI-

614

8 (CoaNCSansKSCN)., 111-616

NH, + (NHaiSOi 8 Cu(OH)., 111-1215

NH. *1- (NH4)4Fe(CN). 6 CuCl,; 111-1090

NHt + NaBr 8 lCoCI*enslCl, 111*463

NHi *1-4 8 Ga(CH,)., 111-1698

NH,-NI.8HCI, I1I-2568

NH*Br 8 iatCo(NH,),enlCl, 111*428

6 (Cot(NH,).0,a:NH,iat, 111*716
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« (Co,(xVH,)4NH,OHO,K U in-788
c (Co,{NH,)4HiO.\II,OH|(N*Oi),, lll-no
5 ICo,NH,0,cn»l{NOj)„ 1 1 1-786

« (Co,(NHa),(ll,0)iNH,Oa|(\0,)», III-

787

« ICo,(NH,)4(OH).H,OO,lt(SO^)*.IIl-807
e (Co»(KH,)*(OH),I(S^.),, 111.747
c (Co,(OH):en*l(S,0,),, III.812
c ICo,(NH,),(OH) 4)C1,, III.821
e ICo,(OH)4(H»0)ieniI(SO*),, 111-806
e Cu, 1II-S83

e CujBr,, ni-1396
€ Xa,I(CH,),G»l,, 111-1723

NH.Br -I- AgNO,C(Co,XHOieii.lI,,111-758
NHxCK 5 CuCN, IU-965

6 lOl, 111-2477

XH^CNS 5 (ClBrCo€n,)BT, 111-304

« lC'oC,H^rfn,)C,H40„ III.504

CCoOj, III-IOS

5 CoSO*. I II.267, 277

6 lCo,(NH.),H,ONH,Cliax, III.737

6 C\iBrrNHxBr, 111.952

f CuCN, IlI-OCO

5 Cu(OH), III.1204

5 CuSOx, 1II-I309

e CusBrs, 111.1307

5 HiO«. I1I.2270

B ICl, II1.2478

NHxCi « Co(NOj)a,(H,0)‘4NH,. IIMTO
5 lCo,(NH»)iNH,OiI(NOi),, 111-788

B |Co,(NH,),{OH),H,00,lt(80x)„ 111-808

e (Co,(NH»),(OH)«|,(S04)a, 111*809

eCuCi,, ni-iool, 1002

B Cu,CI,, 111-1404

B Er(OH),, 1IM532
B Er,0,, ni-1554

B (Ir(NH,),(NO,),)a. 111*2749

B NatIrCI,, 111-2689. 2736

B Na,(Ira,(NO,)*), 111-2757

NHxCl + BftCl, -l-NtNO, 6 CuO,, III-

1085

NILCl + CaCI, + NaNO, B CuG,, III-

1003

NH*F c CbOF,, 111-838

c Co{NO,),, 111-256

a HCbO,', 111-869

NH,HC,0* Cb,0*, 111-859

NHxHSB Cu, II1-917, 918

NTIJ c (CoNII,NCSeD,)(SCN),, IIM17
c (CoNn,Breo,|S,0,, III-629

c (CoNH,NCSeQ,]S,0«, III-630

B Cu((^HA)i. 111-098

bCuO, 111-11811

B Cu,I„ 111-1428

€ I,, 111-2507

Nn*NO, -1- Nil, BCoa,, 111-117

NH.NOjB iConBrepjlIlr. 111-357

B|Co,(NH,)*(0II},!l,00,U(80.),, 111-810

B Gd<NOO», 11M667
6 KCo(NO,)*«2NH,, 111-306

B Na,Cu,MQ(CN)„ III-1491

N11,N0, -I- K,0 B Cu, 111-919

NH.OII e AuCl,, 1II-1900, 1991

e CH»H,P0,. III-2095

B (CoUr,on,|Br, 111-358

B |CoU:OBrcn,]Br,, 111-386

B Co(Ui, IIMI8, 119

8 CoCU, 111-195

e(Co(NH,),(C,Ox),lIl, III-339

BCo(NO,)Cl,(H,0) 4NH,, III-I71

B CoSO«, III-195

e CO,(NO,),<NO>,CKH,)iaiNOi HA
111-058

B CuCO,. fIl-985

B CuCiHxSO., I!M014, 1015

eCuCl:, 111-1303

eCuN«. 111-1207

BCuSO«*5HtO, 111*1306

B CuiBr,. 1IM398
B Cu,COf(CN),,, 111*1480

B Gaa,, I1I-1724

B GeCl,, IIM787
e HlOi, 111*2434

B H,Co(CN),, ni-303

B 1,, 111*2568

6lji(NO»},, 1 11-2327

e lD,(SOi),, 111*2371

B IrCla, 111*2690

e NaiGaO,, 111*1724

B Na,(lra,(NO,)4|, 111*2756

NHxOH + C«0»HiB OuSOx, 111-1310

NH,OH + CxO,H, B Co(NO,)fc III-20S

B CuSO,, in-13U, 1312

NH«OH -I- H,SO« + 1 B CoO, 111*228

NH«OH + 16 CoSO«, 111*278

NH«OH + NHJ 6 Cu(C,H,0,)t, 111*999

NH«OH + NO B CoCl,, 1IM20
NH«OH + NaBr B [CoClteotia, 111-468

NH,SCN B 0>Br,C}H«NO, eD,, 111-33

NH,SCN + NH, B CuBr,, Ili-950

NH,VO, B Co(NO,>,, 111*206

(NH*>,BeF4 + CoBeFi, B H,0, III-256
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(NHOjCOi 8 Co(NO.)i, in-207, 208

‘
«
(C^,(NH.).NH.O.|(NO.)., in-789

e InCl., ni-2343

ii
N».InO.. II1-2387

i%xu \ COa + NHj € Cu, III-020

Co(NO,)Cl,.H,0.4NH,. Ill-

^ 172

a
tCoj(NH»)i«(NOj)*(NO»)*lCli» 1II-7I7

cBr,{C,08)*, 111-153$

a lni(8O0*« 111-2372

a Ir(NH,)4Cl{NO,)i, 111-2707

(NH0*F* 8 CoF,, 111-152

6 Cf>{OHU. 111-243

bCu(OH)„ 111-121$

fNHOiHPO^ $ CoCJi, III-121

C Co(OH)*» II1-244

a HCl, 1II-2125

(NH*)*S $ Cu, III-221

a CuO, IIMISO

a Cu(POi)«, I1M227

a Cui, III-1394

a ErCU, ni-isu

a Br(NO,)i, 111-1814

a Er(80*)i, nM514
8 CutS, 111-1461

(NH*)i80i 5 CoBriCtH»NOt«ent, 111-34

^
a (CoClienOCl, 111-469

a tCoNOiNCSenilCl,
IIMTO

a [CoBrNCSeci.lClOi, 111-496

a (Cu(H,0)Ci(C,H,N,)«iat, 111-402

a Co(NO»)jBr-en pn, 111-178

a lCoNOiNO.«n,lNO,, 111*581

a (Co(NH»)*CiO*H,OlNO*,
111-882

a (Co<NHi)-{NO»)»lNO», 111-883

8 CoSO*, 111-270

alCoi(NH,).H,0(OH),Ot](NO,),, 111-771

a Coi(80*)a, in-676

a Cu(CHjCOO)i, 111-954

eCu(NHa)i(OH)„ 111-1306

a Cu(OH),, 1II-1217

a cusOi, in-1313

aOuS04‘5H^, IIM377

a CuA in-1441

a Er,(SO,)>, II1-1665

a Gat(SO<),, in-1718

a lr,(SO*)„ ni-2721

a Ki, in-2640

(NH^)8S0* + HA a CuSO*, in-1314

(NHOiSO^ -H NHa a CuA, 111-1442

a CoSAa, in-287

a CuSO., IIM346

(NH,)iS.eCu,S, III-1192

(NH«),Sx a Cu, II1-922

a CuO, in-1191, nn2
(NHO«SeO» a Er(NO»)., 111-1520

(N'H*),S«0. a Er,(ScO.)., Ill-i57l

(NH,).AaO* c CoSO„ 1II-280

<NH4).Fe(CN).a CuCN, 111-963

a Cu,Fc(CN).. IIM426
NO 6 Co(CO>4, 111-74

a Coa,«6NH», IIM16
aCoaOOrSNH,, IIM50
eCo(NO>)r6NH., III-204

5CoSO*«6NH,, III-276

a CuSO«. 111-1318

a F,, III-I607

NO -h HA 8 KCo(CO)., 111-308

NO + NHAH a CoSO,. II 1-281

NO,aCo(NOt)t, IIM76
e Cu, III-023

eCuiO,. IIM405

Nt a H, ni-2108

a Ht. in-2193
Ni-t-C,.Hi6Ht,IlI-2l94

NiH« a Cu(C,HAi)i, IIMOOO

alt, 111-2560

N»Hr2HA 8 Cu(OH)t, IIM318

a CuSO*. in-1816

(NtH 4)HiSO* a CuSO*‘4NHj, 1IM883

a HIO», 1II-2427

NA8Cut(CN)t, 1II-1416

a Hi. 1II-2I08. 2196, 2107

NA* 8 HAi. I1I-2271

alt. in-2870

N>H a CoCOi, ni-68

N»a (CHi)A»'NH», I1I-1701

a (C.Ht)AeBr. IIM736

a Ga(CH,)Al, 111-1697

a GeHi, 111-1835

a Ht, I1I-2198, 219Q

a KtCbFr, in-876

a NHJ, in-2657

Na + 8 I,. 111-2571

Na - Hg(H) a GcOi, 111-1883

Na - Hg a HA, 111-2235

Na + A a Ca(CH,),a. IIM698

NaAuQi a Co(NO,)CU(HA>'4NHt, III-

173

NaBOa 8 AuOt, I1I-1092

a CoSOt, ni-282

NaBr t Co(NOi)reri pn, 111-186

g iCoHABreutKl^Ct):, I1I-595
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« |NO,<H.O)ro(C,H,N,),l(NO,)f, IIMU
NftBr +KOH c l(NO,),Co(C,H«N,)tlNOH

III^l
NaBrOa 2 (Co,(NHa)»(OH),jCl,, III.738

5 IrClj, III.2691

NaCN C CuCN, IIL964, 065
NaCNS 2 Co(KOi)jBr cn pn, 111-179

NaC„HnOa 2 CoSO,, 111-283

NaCbOa 2 CuSOa, IIM317
NaCl 2 CuSOa, 111-1318, 1319

2 HN080*, 111-2149

2 K,Co(C,O0>. III423
2 NHj. 111-2310

NaCl -I- a,2 Ir. II 1-2889

NaCl + € C Cu, 1II-924

NaClOj 2 ICo,(NH»)i(OH),ia,, III-739

2 I,, in-2572

NaClO, 2 (CoNHaClccitlCl^ 111-524

NaFeCuCI,, IIM005
NaHCO, 8 OoCli, IIM22

2 Cu80«, IIM320
2 1,. 1 11-2573

2 IrCla, 111-2692

2 IrCl,, III-26D9

NaHS 2 CuiSOa, IIM465
NaHSOfCHiO 2 Cu80a, 1II-132I

NaHSOa 2 CuSO«. IIM322, 1323

2 In(NOi)i. ni-2354

KaHSOi 4- KaiCOa 2 It. 111-2574

NaHSOt 2 DA 111-3083

2 HCl, ni-2126

NaHSeOt 2 CuSOt. 111-1324

KaHiFOa 2 AuGa, 111-1993

Nal 2 [CotOtNHtenaIBn. III-701

2 (CoiKHtOtaQiKNOt)!. III-772

2 [CoiNHtOaen4](NOt)4, ItI-790

2 CuSOt, IIM325
2 It. 111-2575

Nal + CtNtHt HtO 2 NaJrClttNOtL, 111-

2739

NalO, 6 (Coj(NHj)»{OH)i)a,. III-740

NalOi 2 Nal. I1I-2662

NaNH.HPO, 2 CoSO,. 1II-284

NaNOt 2 ICoHtOBrentlBrt, 111-387

2 (CoNHtHtOentlBrt. II 1-408

2 (CoClNCSentin, I1I-471

2 [CoCltentjCl, III-472, 473

2 (CoNOtNCSentiCl. 111-474

2 (CoNHjClentJCl-aOt. 111-500, 501

2 (CoHiOaeailCli. 1 11-525

2 (CoNHjaentICIi, II1-526

c (OolltONCScn.KNOa),. 111-506,^
2 (CoHtON(’8cn,|SA, 111-631

2 [rot(NTI,)J!,ONH,CI|n», 111-741

2 (Co,(NH,) 4<HAiNK,OHKNOa> 4 ,
111-

791

c Ir,(S04)». III-3740

2 Nat(!rn,), 111-2737

2 NaalrCla, 111-2741

KaNO, -I- CtH,Oi 2 (Co^NHOiOliaKOr
OKifc in-718

5 ICo(NH»)t(NO,),lNO,. I1I-584

2 (Co,(NH»)tNH»OIIirU, 111-742

NaNOt + HCiHtOt 2 Co(CH»COO),-
4HA ni-41

2 Co(KOt)i. I1I-215

NaNOt + HNOi 2 Co(NOt)at 8NHi. III-

174

NaNOt -I- NH.a 2 IrCl,, 111-2693

NaNOt + NaNOi 2 Cot(NH0iiat, 111-641

KaNO, 2 (a(C,HtN,),Co(CtHtNH,)|a,,
111-527

2 [aOo(C«HtNi)t<CtHtN licit, 111-528

2 [CoBrt«ai]Br. 111-850

2 [CoKtOBreDtlBrt, II1488

2 (Coi(NHt)aBrtOKNOt)Brt. Ilt-dTO

2 (Cot(OH)tan4)Br4. 111-703

2 |Coi<NH,)tOHClNOtCliat, 111-719

NaNi e Gat(SO,),. IIM719
NaOBr 2 HiOa 111-2272

NaOCl 2 Co80«. III-385

2 HG, II1-3I27

2 K4Co(CN)«, III-325

e NaOl, III-2666

NaOH 2 BaSiFt. 1IM584
2 CbOfOH. II1-843

2 CbA. I1I-860

2 CoBrt 6KA 111-33

2 ICo(NH,),a,HiO)G, in-475

2 CcOt. 111-123

2Coa»(HA *3NHi, I1M39
2 C0SO4. III-366

2 |Co<NHt)tCl(HA>|SO«, II1-622

6 Cu^, III-942

6 CuCNS, 111-971

2 CuG, III-1048

e Cu(OH)t, II1-1218

eCuSCN, III-I241

2 CuSO*. 1 11-1327, 1328, 1329, 1330, 1466

2 CuiGa, IIM406
2 Cut(OH)tS04> IIM308
2 CutONaCtOtHt, III-1334
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8Cu^SO,« 2NH,OH. 111-1445

aCutSO*. IIM272

6 Er(N03)** in-1521

iTt. IIM603, 1608

cCaCU m-niL 1712

8Gft(OH)i. 111-1712

CGtBn, IIH777

aOeClt, IIM2S7

aOeHCU 111-1817

6 GcH»a„ IIM824

eGoH^Cl, 111-1818

6 Ge(OH)i, 111-1885, 1886

a HCl, ni-1826

CHF, I1M880

ft H,F,, in-1621, 1628

S HiSiF*, IIM627, 1628. 1629

D 1, ni-2576, 2577, 2878, 2579. 2580. 2582

8 1003, 111-2344, 2345

8ln(OH)i, 111-2357

8 IrQi, III-2697

8 K,SiF,, 1IM628, 1640

eKfcHF,, IIH682

a Zn(OH)», IIM660

5 Zn8iF„ III-1660 _
NaOH + C30»H« 8 CuSOi, 111-1331, 1332

N»0H + 0,03H* 6 Co(NOj)$, 1 11-209

NftOH -f 01 e If. III-2581

C UCK III-2003

NaOH -K HI 8 H.AaO*, 111.2093

NaOH + KNO* C HtSiF,. 111-1621

+ KNaO*OiH« ft CuSO*, 111-1333

NaOH + NaiC<0*H« ft CuSO^, II 1-1334

NaOI 5 HOI, ni-2438

NaVOi ft Gd(NOi)j, 111-1668

KatBtOr ft CoCli, III-124

NajCO* ft
(Co0«eri»]Cl, IU-476

a tCoCljpni]Cl, 1 11-477

5 Co0i. 111-162

5 CuCO,, ni-988

aCu{N03)i, ni-U5i

5 CuO-2CO,, 1II-1337

5 CuS, 111-1235

e CuSO,, II1-1335, 1336, 1337, 1338, 1339,

1340

ft CutCU, 111-1407

6 Er(NO»)*, 111-1522

ft Er,(C04)i, 1IM522

ft GaCl,, III-1713

ftOeHCli, IIM818
ft HCl, III-2128

ft NaiSiF^, IIM654

Na,CO, + S ft Coa*,

Na.C«0« ft lCof(NH,),(OHhlCl4,
111-743

ft CuSOi, 111-1341

ft H,, 111-2200

ft InCIi, II1-2346

ft lnt(SOi)>» II1-2372

ft Na,lr0*, 1II-2738

Na»Ci#H*Br*0*ft Cu(OH)t, 111-1219

NatCrO« ft
lCo,(NH»).(OH)»lCl4, 1II-744

KatCrtOt ft (CoNHiClamlClt. 111-829

NatFe(CN)* NO € CoSOt, 111-287

Ka,HPO*« (Co,<NHi)i{OH)ilCl4, 111-746

ft U 111-2583

ft InO,. 111-2347

Na,HPO* -1- H0 ft mOCU, 111-2061

Na,H,Sb,0, ft Co(NO,)», 1 11-210

NatMoO*ftCo0v6H*O, 111-133

KatOtft Au, 111.1937

ft Auat, I1I-1994

ft Co0i, in-126

ft CuSO«, in-1342

ft It, 111-2584

NatPtCIi ft Coai(HtO)3NHi, HI-UO

Na«S ft Cu<NOt)». 111-1182

ft CmS, 1IM238
ft It, 1 11-2585

NaiSOtft (CoCltentlCl, 111-478

ft CoCIt, II1-127

ft Ca,<SOO«» 1II-1720

NatSO- ft (CoaNCSenilClOi, 111-497

ft lCot(NH.).OHClNO*aia„ 1 11-720

ft (Co*(NHi).{OH>tNOt]Ch. III-727

ft Cu(CH,COO)i. ni-054

ft Er,(804)>, 111-1566

ft Gdt(804)», 111-1685

ft HCl, 111-2129

ft|Ir<NHi)tNOtl0t, 111-2751

Nat804 + « ft Cu. 111-925

NatSiOi ft AuQ,, 111-1995, 1996

ft AutO, III-2032

ft AutOt, in-2032

€ CaAua«, 1II-2038

ft Cua, IIM049
ft Cu0*. 1II-1996

ft CuSOi, III-134S, 1344, 1345, 1346

a H0, 1II-2130

ft HlOt, 111-2428

ft It, 1II-282, 2585, 2586, 2587

ft NH4Hj(lOt)i, III-2655

ft NaAuCU 111-2057

ft NaOI, 111-2667
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C AuCl,, IIM907
« CoCl,, IIM3$
c Cu, II]>ia47

€ CuSO^, IH-U47, 1348
S loCl,. 1II.2348

5 Iru(S^,),, 111.2348

Na,SK)* C ((CaHK>»N)Co(C,n,N,)fia,. Ill-

634
e iClBrCoentlBr, 1 1 1-305

8 [ClNH,Co(C,H»N,),ia:, IIU67
8 (ClCo{C*H,N,),{C,H,N)|CU 111-530

6 (ClCo(C,H.N,),(C,H,N)lClfe III-531.
632

5 (CoBrNCScotlBr, III.360

6 (CoBrieat)Br, 111-361

8 (CoQBrenilBr, 111462
8 (CoCINCSeoilBr, 111.363

8 ICo(NH,).Cl,eo)Br, 111464
C (BrNHaCo(C,H|N,),lBr-HSO*, 111463
6 CoBrjCiHiNOj^nt, 111*36

6 (Ci>NH>Bren,|Brt. III489
ft (C&XH|N’0,en,lBr,, I1I.390

ft |0>HtO(OH)eni)Brt, 1II401

ft ICo(HtO),en,|Br,, IIMOO
ft (CoCOa«o,|Cl, 111-470

ft iCo(NH9)iC]>en)n, I1M80
e |CoClNC8en,lClO„ 111-498

ft (CoaNH.en,KaOOi, 111-602

ft (CoKH4Clen»)C]|» 111-633

ft (Co(H»0)iea>]a>, 111-544

ft (CoNH,NO.en,|l,. 111461

ft (CoNH»aeRiKNOi),. 111-665

ft (Co(KKi)iC|04H»0|NOi, 111-685

ft (Cc>NH,NCSen,](SCK)t, 111418

e(Coi(NH«),Br>OHNO>lBri, I1I480

ft (Coi(NHi)|H>ONHia|Cli, II1-746

5 (Co»(NH»MOH),iCl*, 111-747

ft [Co,(NH,)iNH,0,l(NO,)«, 111-792

ft {Co,(NH,),C1,OHNO,|S04. 1II-798

ft |Co^(NH|)«(OH}»]Cl,. II1-822

ft (NO»NH|Co(CtH,Xt)«lClh 1II-466

6 |NOiNH|Coen,KNO,),, I1I-689

ft |XO}KHiCoen>KXOa)^ 111490, 698

NaiS«0« ft CcCU, 1IM28
ft £r(NO«)v 111-1623

ft £rt(SO«)i, 1II-1567

ft lnCl>, ni-2349

Na4iFi ft ICo,(NHi).(OH)ija4. 111-748

Ka«SiO, + H)0 ft CuSOo III-1349

Ka,Te ft Aua>, 111-1998

ft Cu(CtH«Ot)t, IIMOOl

Ka,T€ -I- lICjH^, e Co(CU,COO),, 111-38
Na,TeO, ft (VI,. 111-120

Na,WO, ft Cod*. 1 11-130

ft CoSO,, 111-288

N*,A«0,e ( o<X()i)r. 111-211

NaiAsO, -I- NtlK'Oift IU-2672
NaJC«(KO,)0 ft ICo(N*|l,)*(XO,),|<:i, HI.

481

8[Co(NH,>»NO,lCI,, III-535

ft CoCI,4XII„ 111-147

ft (^<NH,)*(XO,),NO,, lU-586
ftCo(XO,)r6XII,, 111-217

Na,Fe(CN), ft CuCN, 111-961

Ka*F«(CNU« CuCX, 111-066

ft CuCN XaCN, 111-069

eCuCl. 111-1060

ft CutF«(CN)«, III.U26

Na*P,OT 8 CuSO„ in-1350, 1351

ft CXiiPfOn ni-1447
Ka«Te ft Cu(C,H}0,),, I1M002
Na»PA« ft CuSO*, IIM362
N4.P^u ft CuClt, II1-1007

Na»Fet(PiOT)i ft AuCl,, 111-1999

ft <>jSO«, IIM353
Na,Pet(P»Ot), *f N»I ft CuSO,, 111-1364

NiCOift H,, 111-2201

NiSO« ft H)Co(CN)4, 111-304

0

(O) ft Kal. 111*2663

0 ft Cu, 111-939

ft CuQ. 111-926

ft HtO,, 111-2264

ft H,S, 111-2300

ft XtH«, 111-2312, 2313

ft IrtO,, 111-2735

OH ft Ht. I1I-2203, 2206

OH-ft H* I1I-2U2

ft u 111-2588

OiftCHI,, 111-2379

ft (CH,),Id, 111-2316, 2317

ft (C«H»)alD, 111-2318

ft CbAli, I1I-829

ft CbH, 111431

ft Cu, 111-927

ft OiO, III-1051, 1052, 1053, 1054

ft Cua,. III-1098, 1099, 1100, 1101

ft Cu{NH,>a, I1I-1135

c CuiOt, 1II-1408, 1409, 1410, 1411

ft CutS, I1I-1462
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8 CU.SO., in-1467, U68

S DiO, nl-14€5

5 Ge. in-1766. 1767

8G«(C.H.).. ni-1780

8 GeCl„ I1M788

8 GeHCU,
ni-1819

jGcS, 111-1887

8 HCN, 111-2138

8 HO, III-2131

A HI, 111-2412, 2418

CH, 111-2202, 2204, 2208,2206

fi

111.2236

C HiS. ni-2301, 2302

C H,PO„ in-2307

6 I, ni-2447

i III.2889

5 Id, 111-2329

C KI, 1II-2041

«K.Co(CN)., III-326

C KaGeH), III-IWS

t 8. in-2303

0, + HCl 6 CuiClf, 11M409

0 Ih,0«F«,S„ III-2296

O* + NHj « Co<NOi)i, 111-212

0, + Bac* eH, 1II-2109

e in-2207

5 Ht8, 111-2303

0, + A 3 Cu, III-028

Oj -I- light 5 HI, II1-2146

0, 4- P « ii». in-2208

0. « H>, 111-2200, 2210

0 KI, III-2642, 2643

OsO* NaOH 6 AaCI>, 111-2000

e Cu(C„H,iO0t, IIM026
6 F,, 1IM609

Pb(CllrS04>i« CoSO*, 111-289

8 CuSO,, I1I-1359

6 Er:(80*)», 111-1568

Pb(CN), e ICI, UI-2479

Pb(CNO)t€lCl. II1-2480

PI>(CNS)*«ia, III-2481

Pb(C,HiO»)OH 8 HfOt, 111-2273

Pba,eEuai, 111.1572

5 KaP, 111-1649

Pb(NO»)i« CoNOiCrO.-4NHi, 111-192

I CoS, 111-250

« Co,{N0,),{N0)t(NH,)i*-H,0, III-659

Pb(NOa)$ + NHiNOi -I- NaNO» C ('i-

<NO|)t. 111*1153

PbO « CH,H,PO„ 111-2090

6 (CHihHPOt, 111*2009

PbO, 6 AuCU 111-2001

eCoS04. 1 11-290. 292

6HIO„ 111-2429

PbO, + KtCtO, -h lie,11,0, C CoSO„ 11 1-

291
III-2132

PbiO, 6 AuClj, III-2002

Pr(NO,), 6 CoO, in-229

Pt 6 AuQ,, I1I-2003

6 P„ IIMOIO
6 H,0,, ni-2274

Pia.CErO,, IIM516

e GdCli. 111-1664

6 Ir(NH,),Cl,, III-2715

R

P

peco, ni-ii

8 CuSO., in-1386, 1356

5 HIO,, III-2147, 2148

pa, e Aucoci, III-1951

PCI, 6 CbjO,, 1 11-861

5 HS0,NO„ 1II-2153

PH, 5 CoCI,, 111-131

bCuSO,, IIM357
P,0, 5 HNO„ III-2150

P,S, 5 CuO, in-1056

P, + H,0 6 CuSO,, III-1358

Pb 6 Co(Ci,H„0,)„ in-81

B CuCCHO,),, I1I-953

5 Cu(CaiiiO,),, in-l018

6 Cu(C44H„0,)„ I1I-1025

ECHO 6 I,. III-2590, 2591

(EaBr,) 6 H,0, 111*2237

RbBf 6 CbOBr,, Hl-833

W>CN6CuI, 111-1126

Rba 6 Cboa,, ni-836

6 Ira*, III-2700

RbF e a,0„ in-862

Rbl e I1I-2502. 2593

RbSO* e Ir,(SO*),, III-2721

RbtCO, 6 CuCO,, 1II-982

e I,0„ III-2615

Rb,CO, + HCN, « CuCN. II1-967

RbiSO* e CoSO*. III-293

6 Co,(SO*),, III-677

Rb,S,0, c 1, 111-2448

Rd 5 HA in-2238
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ScC1* c Cu, 111-933

SeO, + H,0 e CoScO,,
e CuSeO,, 111-1389

e lInt(ScO,>,l, lln(OH),|r22H.O. IIT.
2374

S«tClt fi Cu, 111-933

eCufSe, 111-933

S a Au, 111-1938

a Cb, ri 1-825

a CoO, III-230

a Cu, 111-929, 930
a CusSi, 111-1476

a Ge, 111-1753

a GeH., 111-1821

a GeH«, 1IM836
a Ht, III-2211

a HiO, II1-2239, 2240

8(CHrCOOH), a (CoClienjia, IIM88
a (CoCOiea>|OH, 111-346

S(CH, COOH), -I- C,H.(NH,K a CoCO^
II!.69

SOCl, a Au, III-1939

a CuO, I1M193
a CuS, IIM236
a CutO, IIM443
a D)0, 111-2085

so> a CoCOi, 1 1 1-70

a Cu, 111-931

a Cu(CfH>Oi)>. 1IM003
a CuO, 111-1194, 1195

6 Cu80«, in-1195

a Ge, 111-1768, 1769

a HI, in-2414

a HIOi, I1I-2418

a It, I1I-2594, 2595, 2596

SO» -b HtO a £r(OH)«, I1I-1533

SO, + NH«OH a CuSO«, in-1360

so, + 0, a CuO, I1M196
80,(CH,C00H), a [CoCOjentiBr, 111-365

SO,Cl, a Au, 111-1940

SO,Cl, + Sba, a SbF,, ni.|658

so, a H,F,, 1II-1622

a IiOi, III-2606

a 1,0,, III-2616

S, a Si, II1-1476

S,Br, a ICI, 111-2482

S,Cki a CbiOi, 111-863

a (CoNi),S„ in-663

a CuFeS,, IIM116
8,0,— a Cu, 111-932

sba,FaG«a«, iimsoi
SbF, a GeCl«, 111-1804

Se a Cb, 111-826

a CuCN, I1I-968

a Fi, 111-1611

a Ge, in-1770

a a Co, in-12, 13

a F,, III-1612

8ia« a CrH,, 111-2105

a Co,III-i4

a Cu, I! 1-934

aF< a KaP. 111-1650

8iO, a CoO, II1-231

a H,F,, UI-1623
ao, + HCl a NaF, 11M85I
ao, -I- HK) a F, III-1588

So a Cu, II 1-935, 936
SoClieCuSO,. 111-1361

SnCl, -b HCl a Co(OH),, 111-248

a H,0,, III-2275

SQCl«aCoCl, 6H,0. 111-134

a Cu(C„H„0,>,. III.1027

So^P, a HCl, 111-2133

a(CN), a CuCN, 111-956

SrQ, a DA ni-2083

8r<HC4H«0»)»aCoS04, III-294

Sr<KO,), a Ka«IAi, 111-2673

8rSAi a CoSO., 111-295

Sr,Fa(CN), 6 Cu,Fe(CN)», 1IM425

T

Taa Au, I1I-1941

a Co, 111-15

6 Cu. ni-937

Tia.aCua,, nM078
TiCi, + HCl a HAi, III-2276

Ti,(S0«), a Co(OH},, 111-249

Til a 1,, ni-2597

TliCO, 6 Na,Co<NO,),. 111-331

TIA -F HCN 5 Co(OH),, III-245

TliSO* a Co(NH,)»(NO,)»Co, III-640

wci,a AdF», I1M583

Z

Zn a AuBr,, 11M945
a Aua„ 1II-2004
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e CH,I. in-238l

8 C,0,Br„ III-2063

8 CiHJ,

C Cu. ItW38

8 Can,, IIMI02

8 CuSO-, IIM362
gCu.Si. I1M477

C EuCl„ 111-1574

8 GoBr», in-1778

8 1,0., in-2®i7

C InCl„ 111-2350

5 IrCU. 1X1-2701

8 NallSO,, !II-2314

- + HCl 8 CaO, !IM197

Zn -I-
KCN C KAu(CN),. 111-2054

ZnlC^HA), 8 Cu(NO,K UUm
Zft(C,H,)»e GeCl,. 1IM805

ZnCJ, 8 KCbO», 111-873

ZnSeCuCKO,),, IIMI54

ZnSO. 8 K,Co(CN),, III-321

«fld T

d and y Rfly® ^ ^,0, II 1-2243

BecQtnpositlofl

DecotnP’ 8 AuCoCl, 1 11-1982, 1953

8 (Co(NH,)iC,0«II,OICl, II1-480

8Coa,II,0'5NH„in-!4l

« (CoNHiClcniKNO,),. III-566

5 (Co,(NH,),BrH,ONH,)Br,. III-703

e(Co»(NH,),Hrf)NH,Clia„ III-749

8 Cull, ni-1129

C D,0,, in-2080

B GeH.Cl, IIM829

8 Cell, III-1843

8 Ge(OH),, 111-1857

e H,0,, II1-229I, 2292, 2203

6 ICl,, ni-2488

8I(0H)„ III-2490

t Electric Current

, 6 AuCl„ III-2016, 2017

5 CH,F, 111-1585, 1586

5 Co(CH,COO),, III-39

6 CoCl„ 111-132

5 C^l^ I1I-943

5Cu(H,0)x^+, 111-1119

cCu(N0,)«, IIM136

e CuS, 1II-1237

eCuSO*, ni-1363, 1364, 1365

B DtO. 1 11-2086

4F,, 111-1613

S GMSO.),, IIM72]
CGcOi, II 1-1 884, 1885

B HCl, II1-2I34, 2135

B Ht, I1I-2212

« H,F,, 111-1624

« HA 111-2247, 224$

e IBr, 111-2450

B ICN, III-2455

« 10,-, 111-2492

B InAa. 111-2365

B KHP,, III-1635, 1636

B KI, 111-2644, 2645

B NaA*0,. 11 1-1725

a -I- (NnCI) e NHa, I1I-2310

(A) Beet

A BAua,, 111-201$

B (CHiCHAHOiAuCN, I1I-2036

6 (CH*)iNHAua,, III-2037

B C,H*N,F, III-1587

B (CoBr^entlBr, 111-366, 367

B IO>HAClen,)Bf,, I1I-392, 393, 894, 495

B Cc»Brr6H,0, 111-24

B lCo(HA)*4n,IBri, 1II-410

e Co(CH,COO)„ 111-44

B Co(CO)*. ni-7S

B CnCAa, in-78
6Co(C,H.N),SiF„ III-80

e [CoCl,ep,]Cl, I1I-492

B (Co(NH,),(NO,)iCl,, 111-586

5 Coa,*6NH„ IIM48
B CoHPOi, I1M54
5 Co(H,PO,),, III-155

BColr6HAr 1U'158

B Co(NH,)*Cl„ 111-162, 195

B (Co(NO,),entlNO,, III-563

B CoSO*, III-296

S |CoHAOHen,)8A«. 111-632

e Cos(NO,)c(KNO,),‘3HA, III-647

B2CoCOrCo(OH),, III-813

B CuBr,, III-951

B Cu<CH,COO), HA, in-055

c Cu(CN),, in-972

B Cu(C,HAt)«, 111-1004

c ai(C,HA»H'C.H.N, Ill-lOlO

BCuCl,, 111-1103, U04, 1105
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c CuClrCuO, 111-1108

€ CuClf(KCI),«2HA IIM1I2
C CuCHCO.):, IIMII7
a CuCHjNSOA,, 111-1118

a Cu(lO,)r(NH,)*'2JIA 111-1128
a Cult, ni-1130
a Cu(NOtL, 111-1137

a Cu(NO,)v IIM155
a CuO, iii-im, 1198
a CuS, 111-1238

a Cu(SCSOCjHt),, in-1243
a CuSO*, 111-1366

a CuSjP»-6HtO, III.1392

a Cu,(CH,COO)f, in-955
a CutClHtOt, riM399
a CutCiOtHi, 111-1400

a CiiiHIOi, in-1427

a CuA Ul-1444

a (CuiPaO,)fN»4PA», II1-1448

a CutS«0», 111-1473

a OutSi, 111-1474

a Cu.PS,, ni-1481

a Cu«H«0:tS, 1IM482
6 DitOi, III-149S

a Dyt<CA4)i, I1I-1602

a Er(COOH)3. I1I-1S07

eErCl3*6(HiO), 111-1616

a Er(KOi)4, ni-1524

a Er(OH)i, IIM634
a Ert(C»Ot)t, nM637
a Oa<OH),, I1M716
a OaiCSO^lt, 111-1722

a Gd(OH)3. 1IM670
a GeBfi, 111-1773

aGeHOi. II 1-1820

a GeHt, III-1S37, 1838

a Gelt, III-1844

a GeL, III-1848

a GeNH, IIM850
a Ge(NH)t, III-1851

a GeiNs, 111-1895

a Ge,N%, 111-18118. 181)1)

a (lU'0<»,ru, IIM485
e liri«, 1II-20C0

5 nO,(CA>*, III-2062

a HSOtNOt, 111-2154

c Ht, 111-2213, 2214

ailtSOt, III-2304

am, II 1-2484

a I,, 111-2600

a IA‘3SO,, 111-2607

a ItOi, 1II-2618

a InBrt, 111-2332

a Io{aO«)r8HA III-2351

a In{NOi)i, m-2351
a IntS, 111-2366

8 Ir(NHi)*ai. in-2716
a Ir{NH,)» H,0*(NO,),, 111-2717

a lr,0|. III-2720

a KAuBr,. 111-2052

a (KF)»HP-PbF., 111-1634

a KHFt, 1IM637
a NHtCoPOt, III-327

a KftGeHi, ni-1909

a 80|HF, 111-1657

A -I- Cl a Hi. 111-2215

-f K8CN a (Coa,eot)a, in-490, 491

+ NHiaCu(IO>)t 4KH,, lll-im
+ Nt a KtHFi, 111-1653

Light

Light a AuOt, II1-2012

a HAf> ni-2283

a KtOiiCMu 111-1488

a K4C0 (CK)«], 111-322

a KiCo<C>0«)s> 111-324

Light + Ot a Hi, II1-2217

Pressure

P 6 0>Brr6UA, III-2S

a Cu»at(CO)t*4HA in-1412



Index to Reagents

Names

Aeetvl Acetone 5 CoBrjOH-en,-HA ni“36

aLuic C AuCU, 111-2005

liT6CuBrC,HA-5NH„ 111-949

Alanine ft CuCO,. 1II-987

.uLi + NaOH ft I,, 111-2582. 2598

« Amino-4-bromo-benioic acid ft Cu(CtH»-

0.)i, UM005
AminocapryUc acid ft CuCl», 111-1106

Amino dihydroxy butyric acid ft III
,
111-24)5

iAmiDOheptane 6 HAuCh, 1II-2046

Aminomalonlc nitrile ft H,0, 1II-2241

©.Ami nophenyl alanine ft Cu(OH)f, III-1220

rAJ^icio-n-valcric acid 6 Cu(OH)„ 111-1221

Ammonium-2.4-<*lhromckben»aU ft Cu-

(C,H,0,)*, HMOOe
Ammonium hcptylacetateftCuSO*, 111-1367

Asaocinlion 5 HiO, 1 1 1-2242

Barium betabromo isocymol aulfonale ft

CuSO*. 1 11-1368

Benwhydroxamic acid ft CoBriOH-ent -

H.O, 111-37

Benaoyl carbinol ft Cu(CiH»0»)t*HA IH-

lOU
Betaine ft AuClj, III-2006

Blood catalaae ft HA, UI-2277

d.8-Bromocamphor-7-ailver-iulfonate ft Co-

(NO»)iBr en pn, I1I-177

Bromomalonic acid ft (CoClten»lCl» lU-482

3,5-Dimethylpyraaole ft Co**, 111-16, 17

Dithioacetic acid ft (CoCltenilCl, 111-485

Fumaric acid ft lCoa,eofia ,
111-486

Glutamic acid ft Cu(OH)t, 1II-1222

Clutaminyl moDOanilidc ft HiOi, 111-2280

Glycerol ft Cu(OH)i, 1II-1223

Glycerol Stearate ft H>0, II1-2245

Halogens ft Au, 111-1928

n-Heptoie acid ft nsOt» 111-2281

«-Hexoic acid ft HiOj. 111-2282

Hypoxanthine ft AuCli, 111-2011

Invert sugar + K»COi ft CuO, 111 1200

d-l-Laetic acid ft CuCOi, 111-988

Lead glycerate ft CuSO*, 1 11-1370

leucine ft CuCOH)i, 111-1224

LevuUpic acid ft CuO, 111-1201

Linolenic acid ft 1 1 1-2102

linolin ft Ht, 111-2218, 2219, 2220

Metals ft HtOi, 111-2284

Magnesium stearate ft HtO, 111-2246

Mooo-l«ad-3-chloro-4-pbeDo)sulfonate ft Cu-

SO*, II1-1371

Alyriatic acid ft UtOi, 111-22 15

Calcium Stearate ft HtO, 111-2244

Calciura-3-bromo-2 toluene sulfonate ft Cu-

SO*, I1I-1369

Catalyst (Ft) ft HtO, 111-2278

Chloromalonic acid ft [CoClteDilCI, 111-483

Choline ft AuCI», II1-2007

Cinnamyl ephedrine ft AuClj, I1I-200S

Cystine 5 H, 111-2110

ft H,Ot, ni-2279

Decaaoic acid ft Hi, UI-2216

Dehydiocholic acid ft ICI, III-2483

Bibromosuccinic acid c (CoCljenilCI, 111-484

n-Dimethylaminoacetic acid ft HI, 111-2146

Dimethyl putrescine 6 AuClt, 1 11-2010

Nitron sulfate ft Coi{NO»)*(NO)j(NHi)io*-

HA in-660

Nitropbenyl aceUe acid ft I, 111-2449

p-nitrophenyl alanine ft Cu(CiHjOj)i, IH-

1007

n-Octoic acid 6 HAt, III-2286

Oleie acid ft H,Ot, 111-2287

Palmitic acid 6 Hi, 111-2221

5 HA», 111-2288

Phenylalanine 6 CuiCiHAi)!. Ill- 1008

Potassium anisate ft CuSO*, III-1372

Propylene diamine € Co(NOi)i'CsH*

(NHi)i NH,. III-183
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Putrescinc 5 AuClj, 111-2013

Ricinoleic acid e Hi, in-2222

Sodium benzoate S CmSO*, lIMd73
Sodium meUamino bensoate t Cu<C«HiOt)ii

111-1009

Sodium Oleate t Gea„ IIM806
« HfCU, II 1-2050

Sodium phenylmandelate I AgNOi, 1 1 1-1374

e CuSO^, IIM374

Staehydrino c AuCl*, II 1-2014

Stearic acid 5 lU, III.2223

e HiOt, III-22d9

Succinic acid i jCo(1,eniin, IIM87

Trimethyl putrcBcine 6 AuCU, 111-2015
Tyroaioe « Cu(OH)s, 111-1225

Uric aeid 4 HiO>, II 1-2290

Xylose 6 l,{KaOH). 111-2509



Index to Substances Obtained

ord<r io faeilHoU the location of anu detirrd produclc obtaintd in Iht forcffo^ng reaclioM the

^fclloictno ^ ^ded. The names ofeompo u rvU foUow the list ofform u las.

FormulAS

Ag 111.2060,2155,2497

aA ni-2468

Af AuCl,. 111-2042

KaSt, m-3l. 20, 177, 1730, 2703

aJcNXCN, 1 11-073, 1934

AffCl ni-1069, 1054, 1055, 2020, 2041,

*
2042, 2043, 2055, 2113, 2456, 2457,

2632, 2633. 2712, 2742, 2752

Arl 11M880, 1726, 2378, 2385. 2386, 2387,

'2388, 2397, 2495, 2496, 2498, 2409.

2500, 2507, 2534, 2535

Agio*, III-2495, 2507

AgNO*, I1I-1450, 2375

AgiCrOi, 111-85. 152

Ag,HlO», III-2376

AgJt, 111-1582

AgA IIM881
AgiS, II1-1460, 2306

Ag.Co(CN)*, II 1-310

A£*Co(NO,)«, ni-328

AgiCO* (CN)n HtO, ni-816

AgilO., II 1-2375, 2681

Ai,lOi. ni-2668

Ag,If(CK)., 111-2730

Ag*fIf(OaO<)*l*3HjO, 111-2754

Ag.Ge, I1I-1831

AlFrSKF, 111-1630, 1631

All,, I!1.2801

AUOH),, III-1631

AsCl,, II1-1583

Au, I1I-19U, 1919, 1022, 1026, 1928, 1042,

1945, 1946, 1949, 1952, 1055, 1956,

I960, 1962, 1963, 1066, 1967, 1970,

1971, 1972, 1973, 1974, 1976. 1978,

1984, 1985, 1986, 1989, 1992, 1993,

1994, 1097, 1998, 1999, 2000, 2001,

2002, 2003, 2004, 2012, 2016, 2017,

2028, 2030, 2035. 2037, 2039, 2040,

2044, 2049, 2050, 2052, 2053, 2054

AuBr„ III-1912, 1968

AuBrrSHtO, 111-1929

AuBn, 111-1911

AuCN, III-20S3, 2036

AuCN'KCN, II 1-1933, 1934

Au(CN),-KCN, 111-1981

AuCd, m-1913
AuCdi, 111-1013

Aua, 1 1 1- 1928, 1947, 1058, 1950. I960,

1983, 2012, 2018

AuClBn, I1I-1948

AuCKCHiliS, 111-1058

AuaCO. I1I.1960

AuaC,*HrNH,‘HCl, 111-1961

AuCIOH. 111-2010

AuCl PCli. III-1951

AuCI,, IIM915. 1916, 1918, 1919, 1928.

1036, 1039, 1940, 1946, 2037, 2042, 2055

AuCliOH. II1-2O10

AuF*, IU-1589

Aul, 111-1024, 1928, 1950. 1970, 1082,

2029

Aul>, IIM023
Au(NO»)», 111-2042

AuOHSO«, 111-2048

Am(OH),NH,, 111-2024

Au(OH),, in-1954, 1986, 1987, 1990

A«(OH)*‘4Aga, 111-2047

AuOOH, ni-1946, 2021

Au»Ci. I1I-2058

Aui(CrO*)^ 111-1956

Au,(CfO.)> CrO,, III-1955

AuA 111-1926, 1991, 2032, 2051

Au,(OH)rNH. 1 11-2023

AuAi. III-1921

AaA(0H)r2H,0, IIH937
AuA«. II 1-1988, 1990, 2020, 2035, 2041,

2043, 2045, 2056

AuA- 4KH,, IIH990
AuA IIM938
Au^t. 1IM975
Au,S,, 111-1977

AuiiSeO*)*, in-1927

AuiTe,, 111-1941

A«A*(OB)^ I1I-2026
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B

BF,, IIM590, 1619
Ba(Au0,),.6H,0, 111-2027
BaCI,, ni-88, 2336, 2740
BaCrO., IIM91
BaCuj(CN)r4H,0, 1II-956
BaF,, III.15M
BaGeF,, I1M872
BaHC0,-{CN)».H,0, 1II.817
Ba(IO,),, 111.2302, 2503
Ball, ni-2437
Ball, 111-2444

BaO, III-233

BaSOi, I1I-1555, 1556, 1557, 1558, 1869,
1560, 1681, 1682, 2377, 2708, 2709,
2710, 2711

Ba,Co(CN),, 111-88

BaJiOi, 111-2665

BailCo(CN)*),, ni-254, 302
BaaIr(OH)4, 111-2740

BiCo(CN)i*5HA in.3U
Br,111.1911, 2450

BrF,, m-l592, 1593

Br,, 1IM591, 1980, 2050, 2052, 2268, 2332,

2620

C

C, ni-1686, 1686, 1597, 2163

COrCHO, in-2139 2140
Ca,CH(OH)Cl, I1I-2114

CC]| CH(OH)I, IU-2139

CCl*, riI-2485

CDjNOi, 1II-2078

CDi, III-2071

CFi, 111-1694, 1695, 1597, 1636

CHCli, III-2378

CHF,, IIM582
CHIi, 111-2438, 2505, 2508, 2511, 2512
CHjCli, ni-884
CHilCHO, ni-2529
CH,N(CHi)»COOH-HI, 111-2146

(CH,N(CH,),COOH),-H1H,0, 1II-2146

CHiNHiCOOH, Iir-2141, 2241

CHjOH COONa, III-2200

CHiONa COOKa, III-2200

CHA III-2191

CHiAriPO,, III-2095

CHiBiHi, IIM699
CHiCH:KOH, 111-2430

CH.CHO, 111-1066, 2102, 2430
CHiCHOHCHiCOOH, III-2115
CHiCH,-CH,-SH. III-2294

(CHiCH,CIfj),Au,(CN)i, 111-2036
CH,CH,(CH,),COOH, 111-2216
CH,(CHt).CH,, 111-2036

CH|(Cn,)4CHOH(CH,)„COOH, 111-2222
ICHi(CH,),CH:HC(CH,),COO),C,H4, IU.

2219

(CH,(CH,hHCiCH(CH,),COOliC,H,, III.
2218, 2220

(CH,<CH,),HC:CH(CH,),COO]*Ge. III-
1806

(CH,<CH,),HC:CH(CH,)rCOOUHf HI
2059

CH,<CH,),HC:CH(CH,),COOH, III-2102

CH,(CH,>,HCOK*HCOH(CH,)tCOOH
111-2287

CHj(CHi)uCH,OH, III-2221

CH,(CHt)i«COOK. 1II-2222

CH>Cl(OH)CHtI, 111-2504

CHiCOCHiD, III-2092

CHtCOCHsI, 111-2504

CH,CO(CH,),COONH*, 111-2282

CH|COC,H,, 1 11-2282

CHiCOC.H,, ni-2281

CHiCOCiHn, II1-2286

CHjCOCuHii, 111-2289

CHiCOF, UH617
CH,C{OH):CH,, 111-2504

CHjCOOH, 111-1876, 1988, 2227, 2278,

2498, 2505

CHiCOOK, 111-1905

CH}COONH«, III-2281, 2282, 2286

(CHiCOiSt, III-2506

CHrCiHiSH, 111-2398

CHiD, 111-2064, 2065, 2066, 2070, 2072,

2077

CH,Hi HCl, III-1957

CH,R,H1. 111-1957

CHiHtHl-AuH, III-1957

CHiI. in-2390

CH,<NHi),PO», III-2095

CE^lty in-2459

CH*PbPOj, III-2096

CH^SCHiCHO, 111-2226

CHjSCHtCHiCHNHiCOOH, 111-2116

CH,8CH,CH,CHO, 1II-2225

(CH4),AgPOt. III-2097

(CH,>iCO, 1II-955, 2658

(CH»)4G4, 1II-1697, 1698
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(CH,),OdBB4, IIM609
(CH,),GaNH,, 111-1607. 1608

(CH,),GaNH,, IIM698
(CH,),fIjBaP*Ofe 1II-2094

«CH»)*1d)A Iir-2316

(CH,),PbH,PA** in-2096

(CH,)i-GaC,H,NHLi, IIM700

(CH,),Ga NH,, IIM723
(CH,)*N, in-2037

111-2008

(CHi),PbPA., 111-2090

I(CH,).F€(CN)i)It, IIL2380

CH., III-1770, 2100, 2157, 2158, 2160, 2161.

2162, 2168, 2176, 2182, 2381

CIjCHO, 111-2140

CO, III-885, 1485, 1502, 1507, 1580, 1859,

1860, 1048, 1940, 1052. 1953, 2062,

2164, 2232

COCU, 1IM947, 1952, 1989

COP,, I1M896
CO(NH,)i, III-2498

COS, 11 1-2 151

COi, III-1485, 1602, 1607, 1537, 1654, 1713,

1780, 1818, 1861, 1949, 1962. 1972,

1973, 2062, 2008, 2100, 2128, 2138,

2169, 2164, 2186, 2201. 2379, 2496.

2496, 2508

(COOD)i-2D,0, III-2079

CSCli, 1 11-2486

CS(NHt)> HI. III-2104

CS OC,H»-8C,H*. IIM243
CS,, ni-2104

CiCU, 1 11-884, 1597

C,Cu, III-886

CfD^, 1II-2063

CfDiBri, ni-2063

Ct?i, IIM594, 1596, 1697

C,HD, ni-2067

CiHi, 111-14 19

C,H,OiH, 1II-2807

C:H,OiNH 4, ni-995

CtHi, III-1418. 2623

CiHArCuO, II1-979

C,H,Ag,PO,, III-2101

II1-1729

CjH.CN, III-2392

C,H.COCH,CH,COONH*, III-2282

C,HA0(CH,),C00NH4, 1II-2281

C»H*COF. 1617

CftHiCOOCHi, 111-2389

C,H4D, in-2072

C,H»GeIi, I1I-1839

C,H*GeN, III-1727

(C,HAeO)A. I1M726, 1728

CjH^KSO.. 1II-2252

C,H»NH,, 1II-1700

CiHiNHiI, III-1846

CtHtNO,, 111-2385, 2386

CtH^NOi, 1 11-2387

CtHACHi, III-2391

C,HAH, 111-2225, 2226, 2390

C,H*OOH. 111-2252

CiH» S*CH,(COOH)rCuBr. 1 11-945

(CtH4),AgPO„ 111-2103

(C,H*>At, 111-2252

(C«HO«S04. 111-2368, 2388

(C,H*)AaBr. I1I-1729

CiHi. 111-1702, 1703, 1705, 1700, 1707.

2182, 2316, 2317

C,lt. 111-2464

(C,HA«)Adi, 11M665
1II-2S10

C9H«, 111-2394

C4H*(OH)j, 111-2245

C»H«NHAOOH, 111-2415

CiHAtNSH. 111-2110

CjHjCOCHiCHiCOONH., 1II.2281

C*HtCO<CH,)>COONH,, 1 11-2286

d.C«H»KSO«. ni-2253

o-C,H,OOH, II 1-2253

n.(C,H,),0», 111-2253

CaHi. 111-2179

C^HtNA,, JU-2290
C*H»C0CH,CH,C00NH4, II 1-2286

C4H,0.C00N», I1I-2599

111-2183

C^HrtNt-aiHClAuCIl. 111-2013

CtH^N, 111-92, 994. 1010

CkHjNAHClAuCl,, 111-2011

C4H4N4HCI-AuC1,, 111-2005

C»H»CHNHtCH>HAuCli, 111-2046

CjluNOt Ha-AuClj, in-2006

CJlt-NOtaAuCJ,, 111-2007

C«Hl,(OH)«, III-2624

C*H,I,0, 111-2514

III-2513

lC*H,(NO,)»01»Cu llHA in-976

CiHJ-OH, 111-2489. 2615

CtHAi, ni-2044

C«H*Br. 111-1738

C*HvCH,CH,-COF, 1II-1638

CiH^-CHi-COF. m-1638
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(CiHiCH,),. II 1-2167
CJIjCHa, III-21W, 2167, 2168, 2177, 2182
(C,H»C-NHvNO),xV, n 1-2254
O.HiCOCHO, III-IOII
C\H»COCH,QH, IIMOU
{C»II*C0),0, II 1-2080

C.HiCOOD, 111-2080
C.H* C,H,, II 1-2182
C*H4>C*K», lH-2182
C|H» C,H*, 111-2318

III-1587

C^HiNjF, 1 11-1587

CcHiOK, III-2158, 2515
(C4H*),CH,, 1 11-2177

((CiH»)Jn],0, 1II-2318

(C,H»),GeBf, I1I-1738

(C«H»)jGeCiH», III-1734

<CiH*),GeC«H*CH>, 111-1733

(C,H4),G«C,H*N(CH,>,, 111-1731

(C,H»),GeC4HiOCH*, 111-1732

(C4H4),GeCl, IIM737
(C«Hi)iOe*Ge{C*Hi)», III-1736

(C«H»),Ce O Ge(CiH.),, 111-1735

[(C«H»),Ge]A II 1-1730

(CiHOiln, 111-2330

C«Hi, 111-21 56, 2164, 2166, 2168,2163,3170.
2173, 2174, 2175. 2176. 3177, 2178,

2179, 2182. 2183
C^HyKHiCrO,. 111-2268

CiHi*, 1 11-2304

CiHnCOOCiHi, 111-2166

CiHmOH, 111-2171, 2172, 2174

111-2166, 2171. 2174
CiHi4Kr2HAuCl«, 111-2010

111-2616

<CrH«)A, 111-866

CrHi, 1 11-2158. 2160

CrHiiNOrHCiAuCIi, III-2014

CtHiiNf2HAua4, III-20IS

in-2395
{C»HiO,)4 KBrI,, I1I-2430

(C»H.O,)*-KM,, III-2440

(C*HA).-LiI I,, m-2441
(CtH40t)«Nt(M,, 111-2440

(C»H40,)rRbI I,, in-2441
(C,HiO,)rC»I IrH,0, III-2441

CiHtNCHjCuI,. 111-1122

C„H», in-2180

(C,4HA)rKII,H,0, 111-2442

C|»H„, 111-2180, 3181

Ci^HuOBrSO^H, 111-180

C,4HtiC0CII,cn,C00NH„ 111-2285
Ci,ll„COCii,CHiCDONH4, III-2288
Ci4HmCOCH,CH,COONH«, 1II-2280
CijHikCHxOH, 1II-2223

CiiHuCHt, II1-2223

CdHjaCOOH, 1 11-2244, 2245, 2240
Ci#H,*OK« AuCN, IIt-2008

CtiHiiOJ,. 111-2483

Ca(Au0|)i-6H,0, II 1-2027

CaCl,. 111-1062, 1063, 2106, 2624
raCu(CN),.4H,0, II1-957

C*CuFe(CN),, III-142S

C4Cu«(CN)4. III-05U

CaPt, 111.1625

Call. lIJ-2390

Cal4, nj-2444

CaU 111-2443

CaU II1-2443

Cal,». 111-2443

Ca(OH),. 111-2244

(CaO), CbiOi, I1I-873

Ca80«, 111-262. 1862

CaSii. 111-2106

CaiCOt(CtOt)r6HiO, 111-638

Cb. in-851

Cb AJi, in-876

Cbai. I1I-878

CbOi, 111-828. 827, 847, 861, 863
(CbOP»)r(KP)rHiO, 111-868

CbF», 111-828, 830, 852
CbPi 2KF, 111-830

(CbP|)»-5Hrf). in-867
CbH, 111-860

CbOBr» C»H«N HBr. 111-632

CbOBn CiHiN HBr, 111-833

CbOBri(CaBr),. 111-833

CbOBri(RbBr)i, 111-833

CbOa>, II1-846, 840. 861. 878
CbOa, (C,HjN)-Ha, Ul-834
CbOai-CiHkN Ha HA in-834
CbOa,(C,H,N-HCl), 111-835

CbOarCCaa)!. ni-838
CbOOi CRba),, in-836

CbOPa, III-848, 853

CbOPi'(KF)i-HF. ni-840
CbOFr2NHj, iri-869

(CbOF,),{KP)|HA 1II-868

(CbOFi),NH4F, III-838

(CbOF,>*-(KH,F)i-HA 111-838

CbOf, 111-837

CbiOi, 1II-878
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CbiO„ ni-845, 866

Cb,0», in-829, 831, 844, 850, 865, 878, 880

CbiOr3(NH*)iO-6C,Or3H,0, 111-850

(Cb,Oi)rICiO«5H,0. 111-841

(Cb,0i)r4K,0, II 1-857

CbtSi, III-825

CbtSe«, 111-826

Cb,N*, 1 11-824

Cd(C„HMO,)i, ni-J026

CdCli, III-2460

CdOCbiO., 1II-873

Ce)(SO«)j, III-2255. 2660, 2661

Cl, I1I-1986

C1-, 1II-2461

Cl'CHi COF, 1 11-161

8

C10„ 111-2117

Cli, 1IM492, 1596, 1697, 1500. 1817, 1028.

1058, 106), 1005, 2012, 2016. 2017.

2018, 2037, 2117, 2118, 2110, 2121,

2125, 2127, 2131. 2134, 2135, 2136.

2260, 2420, 2482, 2458, 2486, 2572

CIrCH COF, IIM618
Co, IIMO, 78. 81, 107, 132, 210. 221, 666,

668, 8U
Co***, in-161, 1508

[Co(C.H,(NH,),)»Mr(CCiO,)i). 1II-407

ICoea,MCr(CN)*l, III-543

(Coeni)((SCN),), 111-507

(CoNK)NOteDil. 111-565

(CoKHi(KOi)ien], 1II-332

(Co(NH,),*(Ci04)C11, II1-480

[Co(NH,)iC*0*NO,I. in-336

(Co<NH»),OH(Ct04)]. 111-580

s(Co<NH»),SCN(C»O0l, I1L575

|Co(NH,)»Cr(C,O0»), 111-337

lCopnjl'(Cr(CN)i), III-556

(Copn,)(Cr(C.O0,I, 111-557

{Copn») ((8CN)j|, I1I-554

CoAs(CKS)»>2HiO. 111-46

(Co(NH»)4(NO,)1AuCI., 111-573

[CoSOaenilAuCU. 111-436

CoB, in-1
CoB,, III-l

CoB*0,, III-124

CoBeF*-(NH«),BeFv6H,0, 111-256

(CoBrClen,)Br, III-S72, 392, 393, 304. 305

Cl5[CoBrten)Br, 111-366

[CoCO»eni)Br, 1II-371, 438

(CoBrjensIBr, IIi-347. 348, 349. 422

(CoNCSBreQi)Br. 111-356, 602, 605

(CoNCSClenilBr, III-424, 603

(CoNCSNOieO:)Br, 111-440, 441

lCo(NCS)ten»)Br, 111-439

lC(>(NH,),a,enlBr, 1 11-425, 428

[CoCNHshHtOCsOdBr, 111-333, 568

[Co(NOi)ipn,lBr, II 1-560

(CoOHBreni)Br, 111-386

ICoNHiBrentlBr HSO^. III-353

(CoHtOCIenslBrNO), III-384

CoBr(NO,),‘2C,H,<NH,)i, II 1-26

Co(BrOi)$-6HA IH-SSI

CoBrSOi SNH,, II 1-671

CoBr,. II 1-2, 3. 24, 25, 72. 73, 164

[CoBr(HiO)en,)Br», IIMll
|CoC|H,NCl^n,IBri. Ill -514

|Co(C«HiNHi)C)«Of|Bri. 111-516

[CoCrHiNCIenil&ri, III-515

(CoHfOBremlBri, 111-367, 410, 423, 605

lCoHiOCIen,)Bn, 1II-500, 610

(CoNC^HiOen.lBr,. III-604

(CoNHiBre&ilBn, 111-358, 398

(CoNHiCleDilBri, 111-463

[Ci>NH,NO«cni]Bri. II1-408, 601

(OoOHHiOen,)Br>, 111-352, 437, 468

CoBr>C»HrOr2C|H4(NHi)rH,0, III-36

CoBrtC,H*NOr2C,H*(NH,),, 111-37

CoBri 2I1A 111-24

CoBrr6NH», 111-20

CoBrtOH *2CtH»(KHt)rHiO, 1 1 1-26

Oo(C,H«(Kn»).)iBri, 111-505

(Co(H>0)tens]Brj, 111-841, 373, 374

(Co((KH,), C,H,).lBr,. 111-637

(Co(NHi)>€n>|Br>, III-463, 553

[a(NK|),(NH|)i]Bri, III-704

CoDta 6NH4. I1I-640

Ci>(CClrCOO)r‘4HA 111-49

Co(CH*ClCOO)i, III-49

Co(CH|COO)j. 111-89, 65

Co(CHaCOO)a. 111-30

Co(CH,NH,)»(NO0i, ni-329

CoCHa (SO«)t'5HiO, III-289

Co(CN),, III-IOI

Co(CN)i-3HtO, 111-103

|CoCO(en,)CN3, IU-442
|CoSO»ac>entiCNS. III-368

Co(CK81t-4H,0. I1I-253

CoCO,<NH,),C0,-4H,O, 111-208

Co<CO)>. III-75, 122. 162, 207

Co(CO)i KO. 111-74, 306

Co(CO)., 111-78

Co(C8NiH4)i-(CNS),, II 1-47

O>(CSNiHi)i(N0,)*, III-103
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Co(CiHi«80,),«6HA III-2S2
CoC,OvPtC,0,-8H,0, in-2»»
(Coa,en,lC,0,H«2H,0, IIM30
CoC,HiOr2HA in-235
ICoC,HiO«eD,)C]HiO(, III>34S
Co(C,H,ON,)a, 111-91

CoCiH*0*-CoO-5H,0. 111.54

CcCiBiOi, 1II-205

CoC^OiH,, 111-209

Co(C,H.N)r8iP4. UI-SO
Co(C*H,N,)t, ni-l6, 17

Co(C,H40,N),. 111-261

Co(C„H.O NO)r2H,0, III-42

Co(C„HrONO|),, 111-43

Cc»(C„H,»0,)., ui-m
(CoCOicmlCl. 111.342, 476
(CoCO]pA»)CI, 1IM77
(Coai«n>]n, 1 11.426, 473, 607
[CoCUpn,)Ci, 111-427

(CoNCSaon^lCl, 11I.4S8, 400

(GoNCSKOseosia, II1.606, 600
(Co(NCS),eR>ia, in-SH 608

(CoNHiHtOOtenlCl, 111.334

|Co(NHj)iCO«cn|Cl, I1M50
|Co(NH|),a,eD]CI, 111-428, 464

|Co(NH,),HiO(C,0,))n, 111.560

(Co(NOi),pDiia ni-S47

(CoOHOcniia, lU-431

[CoSO^niia, Itl-478

(CoNK,Ci«,lCi aO^ 1IM93, 524

[Co(KH,>>cni]aaO«» 111-409

CoG Cl, 5NH,. 1IM41
CoGCrOiCHiO.'SNH,, 111-142

ICoCl,fn,iaHn*2HA 111-646

[CoKH,NO,eniiClHSO«, 111.626

|Co(CH,COO)X>>en,)CT HA HI-665

(C«aten,)nLiCl, 111-461

(CoC,H*XCleni|Cl-NO*, 111-528

CoCKNO,), (H,0)« 5NH^ 111-85

Co(nOi)r6HiO, 111-256

ro(ClOj)5«6XH„ ni-86
lCoClNCSeci:lCIO,, III-SSO

fCoNCSBreminO^, 111-610

(CoNC8aen,inO<, 111-458, 491

Co(CIO«),. 111-51, 87. 234

[CoKHiBreaiXClOi):, 111-375

Co(a04),'r*H,Or2C,H,(NH,),. 111-30

Co(aO*)rC,HiNO,-2C,H4(NH,),, 111-32

CoClSO»'5NH,, 111-671

CoCIi, 111-4, 82, 148, 162, 218, 246, 248, 301,

663, 665, 815. 1936

[Co<C,lI,N)acn,ia,, ITI-4U
(r«(C,H,0,N)cn,|CHi. IIMIC
lCo(C,H,.N)Clen,l(l„ 111.415

(Co(rj|,XH,)ricn,lCl„ II 1-4 17
|ro(C*TH*XKleniiri,, 111-418, 410
(Co(ll,0)<1fn,lC1j, III-402, 620
|CoNHA'bni]a>, 111-432, 462,467, 510, 613
lCoNHjNO>en,|(1f, 111-860, 466
lCo(NHi).nia,, I1I.750

CoafCntOCOCll,COOH-ClI,(COOH)r-
2HA I1I-4I3

Coar4C«H«N, 111-92

Ooa,C*H,0,-2C,H,(NH,),.2H,0, 111-27
CoC1t*CiiHuN>, Itl.94

Coaf2NII,OH, 111-113

CoClvNH,, IIM18, 110

CoClr3NH,. IlLllO
Cbar4KH,, 11M14
CoOreNH,, 1IM15, 116

Coa,-NH*Cl«6H,0, 1II-220

CoaiNO-5NHi, m-116
<Coa>)x, iii-loo

CoCti, 111-195

111.420, 523, 552
fCo(KHi)«)CI|. m-750
[CopoiPi, 111-508

CoQi*3CiNiHi, III- 144

[Co(NH«)«6n»]ar5HgCli, 111-539

Coar4NH|, 111-660

CoGi-SNKi. II1.6S0, 673

Coar 6NH«, 111-639

CoCtCu 111-55, 202

CoCrOiCI‘5NH„ 111-142

CoCrO«NO»HiO>4KHi, 111-216

CoCrO^NOi 5NH,. 111-150

(CoCrOili CrOflONHs, IIM51
ICoNHfaeD>)Crt07, 1II-529

CoC$(SOOi*13HtO, 1II-675

CoFi, III-236, 256

CoFt HF *6H,0, ni-67

CoFj(HF)r6HA III-223

CoFfHiO, 111-56

CoF,-4H,0, 111-237

CoP»(NH*)jFi, 111-153

CoF,(NH,F),-2HA 111-222
,
243

C0P16KH), I1I-145

CoPe(CN)»NO, 111-287

[CopD,]Fe(CN)«, ni-558
(Co(KH>)i(CiO«)i1H, III-335

Co(HC«H<0»)a, 111-204

C0HPO4 3H,0, 111-64
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[CoCl^nslHSOi, ni-435

(Co(NHa)iCl»cnjlHS04, 111-434

CoH,(C»H,0*)5‘2HiO, ri 1-235

Co<H,POi)«‘6H,0, III-240

Co(HiP04)j, ni-670

Co(HbI,)v 6NH,, ni-213

[CoBrtemjl, 111-354

jCoCOienilli II1-444

lCoCiO*eii»|I, 11-443

(GoNCSNO*o«j)I, IIM47» 448

(Co{NCS),on,lI, ni-445

lCo(NH»),a,eiilI, nM46
(Co(NOi)»pn»lt, III-561

Co(IOi)j, ni-62. 201

Co<IO,)r6NH», 111-150

Co(lO»)a'NO'6NH», 111-150

Colt, lU-8. 158

(Co(CiHtOiN)cn$llt, IU-520

[Co(C»HrN)CleniIIa, U 1-518

(Co(C.HkNHj)Cleni)l«, 111-517

(Co{CjHtN)Clcntlli, UI-510

(CoNHiBroniUt. III-620

(CoNHtNCSen,!Ii, 111-617, 030

(CoNH»NOten,ir,, 1 11-380, m
(CoOH<H,0)en»)I„ 111-370

CoI,Ctn,Of2C,Ht<NH,)fHA 111-31

CoIr2HiO> Ill-O

Coll 8HiO, 111-157

rolf4NH>, 111-166

CoIr6KH„ in-200

(CoeBt]li, ni-606

(CoNHtHtOen.lIi, 111-404

[Co(NH»)ien»)T», 111-541, 601

lCopfl»)lj. 111-640

(Co(NHi)ien,)IfC»0,, 1II-545

(Co(NHj)i(CiOt)i)K, ni-338

CoK(SOj)i‘4NHj, III-163

ColCi(NOi)t. in-634

CoMnOr2H»0, 111-269

CoMoOt'HtO, UI-133

CoMo04*2NHfH,0, 111-244

Co<NH,)i, III-297

Co(NH,)tClFt, in-l43

Ce(NHt)»Cl3, m-l95
Co(NH,)t(NO,)*-Co(NO:)„ 111-584

Co<NH»)f(NO,>i-F,, 111-106

[CoCNHt),(CA).JNH4, II1-330

CoNH4POt, III-284

CoNH*PO,-H,0, 11I-121

Co(NH0iCtOtH,, I1I-206

Co(NH.)i(S04)„ IIM95

iCoQieiiTlNO*, I1I-472, 473

(CoNCSC1cn»|NOt, 111-471

(CoNC^NOtcntlNOi, 111-474, 597

(Co(NO,)fenlNO„ 1II-663

(CoNOiClentlNOt, 111-501, 566

[Co(NOi)ipntlNOi. 111-559

Co(NO.)Brj(HjO)-4Nn», 1IM66
Co(NOt)(C,O,)(H,0)«4<NHt), III-172

CoNOtCl(Auai)<H«0)«4NHi. 111-173

CoNOiC10H(H*0)-4NH,, lU-171

CoNO»CliC,Hi(NHt)iCHjCIlNH,CHr
NHi, 111-181

Co(NO,)Cli(HiO)‘4NH», 111-165

Co<NOt)C1r5NHa, 1IM17, 170

Co(NO,)(NO»),(lliO)‘4NH», II 1-167

CoNO,(PtCl4)(HA)-4NH>, 111-169

Co(NO,)80*(H|0)-4NH,, III-108

Co(NO»)t, 111-175, 256

(CoH,OBr«ii,l(NO,)„ II 1-387

ICoHAOeniKNOt),. 111-625

(CoNCSHiOentUNOt),, 111-696

(CoNH,Clcn»I(NOt)i, 1 11-500, 526

lCoNH,NO,entKNO,)i, III-564, 566. 589

Co(NOt)iBrC,H*(NH,), CHaCHNHiCHr
NH,. 111-180, 184, 186

Co(NOtliBr*3NH,, 111-182

Co(NO»)tCN8-C,H*(Na,),CH*CHNHr
CHtNHt, 111-179

Co(NOj)iCitlI.*OBp50. CiH4(NHi)i CHr
CHNHjCHtNHt. lU-177

Co(NO,),a C,H,(NlI»)t CUtCHKH,-
CH,NHi. 1II-185

Co(NO«),CI 3Nir,, II1-188

Co(NOtltCl-4NH,. in-117, 174

Co(NO,)f6KNOi, 111-109

lCo(NHa),(NOt)jl(NO,)j(NHt)iCo(NOs)i,

111-449

Co{NOt)t, in-176
Co(NOi)iCiHt(NH,),CHiNH»CHCH9-

KHt. 111-183

Co(NO.)*-CtH4(NH0.*NH„ III-187

Ci)(NOj)i-3NH,, 1II-217, 306

Co(KO,)tSO«(HA*-8NH, III-182

(CoBrCleDtlNOi, 111-357

;CoBrteni]NO). III-359

(CoCO,en,lNO,, 111-343,412

(CoCiHArfOilNOi, 111-503

lCoNCSBren,lNOj, 111-498

(CoNCSCTentlNOj, II 1-494

[Co(NCSNOien-)NOi, III-451

(Co(NCS),eii,lNO,, 111-450
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lCo(NH,),a,en)NO,, 111-429

(CoNOiaentlNOj, 111-421

[CoNOiNOientlNOk 111-570, 571

(Co(XO,),pn,]NOi, III-548

(Co(NOj),en,lNO,, III-SSl

(CoSCNClenjlNOj, 111.627

lCoA((NCSH/)efii)NOi(ClO,)i. II 1-625

CoNOiSO*«5NH,, III-671

(CoKH»A|8CNen,lNOrStO«, 111-623

Co(KO])t, III<6, 21, 53, 73, 149, 102, 250,

256
(CoA8(NC8)NOrfn,)(NO»)v 111-567

ICo(CiHtN)Cl<n,l(NO.)i. 111-511

(Co(C«H»NHt)Clen,](NO»)i, 1II-527

(CoCIAgSCNentKNOOn 111-344

(CoHiOBrePtKNOOt, 111-388

(0>HtONOieni)(KOi)i, llMll
[CoNCSH,Ocn.I(NO>)». 111-611

(CoNH,B«d*KNOi),, 111-376, 385

(CoNH,CleD,](NO.),, 111-512

{CoNH,NO,ea,KNO,)i, 111-370, 377

(CoNH,NO>entKNOi)i, 111-590, 599

Co(KO,)i C»HiO. 2C,H,<NH,),, 111-28

Co(NO>)r6NH,, in-204

Cp(NOj)r2Pr(KO»)j‘24HA 111-229

(Ca(H,0),^n,l(N0,)i, 111-396, 399, 400

(CoNHiH,Oen,I(NO,)„ IlMOl

[Cp(NH,)^n,l(KOi)i, III-538, 552

(Co(NH,)*AgCNS)(NO,),, II 1-588

(Co(NH,)iNH,NO,CIJ(NO,)i. UI-729

[Co{KO,)ien,KNO,),, 111-600

Co(NO.)rHiO«5NH,, 111-152, 189

Cp(NO,)» (H,0)r4NH,, 111-190, 191. 192

Co(KOj),-2HiO, 1 11-71

(CoAjiSCNHiOentKNOO*. I1I-587

Co(NO,)v2KO lONHrHiO. 111-204

CoNi. 111-68

CoNaC,0,H.. II 1-200

CoO, 111-7, 162, 296, 668

(CoClic^ntlOCOCHBrCOOH* CKBr-
<COOH),. III-482

(Coa:ep,]OCOCHaCOOHCHnCOOH),,
IIt-483

(CoCl,cn,lOCO(CHBr),COOH. I1I-484

(CoCI^n,)OCOCH,SCH,.rOOH*S(CHr
COOH),, ni-488

(Coa,€n:10COCH,S,C'OOH HA 111-486

(CoCl^n,IOCOC,H,COOH, III-486

|Coa,cn,lOCOC,H*rOOH, I1M87
CoO-CbiOi, III-873

CoOx, III-225

CoO^SO„ 111-309

(CoCOtfo,)OH. 1II-345

[Co{NOi)icn()OH, 111-549

ro(OHK 111-23, 87, 118, UO, 123, 135, 205,

207, 263, 266. 272, 286, 300

Co<OH)iCli'4NH». IlI-OOU

Co(OH), NIL. ni-U8
Co(OH)h 111-22, 106, 121, 126, 161, 241,

268,282, 290

(Co(NHx),eni)<OH)x, 111-553

Co(Oin>lOHA 111-127

a>P, III-154, 155

Co(POi)», IIM55, 265

[CoNH,Breni]Pta,, 111-383

CoRh(SO«)r6HA 111-293

C4>Rb(80,), 12H,0, III-677

CoS, 1 1 1-83, 138. 226, 259, 264

[0>Braen>)SCN, 1 11-394

[CoBrNC8en,)8CK, III-605

iCoBrienitSCN, 111-355

|CoCxHA«n»lSCN, tl 1-504

fCi>a>en»|SCN, 111-491

(CoNCSaeftilSCN, 1 11-400, S21, 522

iCoKCS(NOi)eni18CN, 111-562

[CoNCSNOycmlSCK, 111-453, 456, 570, 574,

577

lC«(NCS)i«i,lSCN, 111-455, 694

[C6(NH,),a,eQ;SCN, 111-454

(Co(NOi)ieni]8CN. 111-576

(CoOHKCSeotlSCN. 111-452, 613

(CoSOieoxlSCN, 1 11-457

(CoNCSHAePilCSCN),, 111-381

iCoKHtNCSeoiKSCN),, 111-614, 616

[CoNK,KOfeD>K&CN)i. III-593

[CoOH(HtO)«OtU$CN)t, 111-362

Co<8CK)tC7H»NOf2C|H«(NHi)i. 111-33

|Co(H,0),«n.l(SCN),, II1-405

|Co(NH»)teD7](8CK)i, I1I-542

Co(dCN)«Hi(CiiH»N)t. 111-194

CoSO, Co(OH). lOHA ni-l27

CoSOi-SHA in-70

C«SOi*5HA
CoSO,, 111-61, 247, 249, 282, 319, 664

[Co(HA)CUdi1SOi, II1-493

(CoNHxKOien.JSO., 1II-378

Co80, C»HAi 2C,HUNH,), 2HA 111-29

CoSO*CTH.NOf2C,H4(NH,)r3HA in-34

C0SO 4 7HA IH-62, 227

ro80i-K,SeO*-6HA 111-273

CoSO. eNHi, 1IL275. 276

CoSt, 111-230
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CoS,0„ III-257

CoS,Or 6HA ni-2^5

CoS,0». ni-258
(Ca(C,H,0,N)e»»lSA«, III-534

lCo(C,H,N)CleD,lS,0«, 111-530

(Co(C»H,N)C1ea»lS>Oh III-S31

iCoNHjBrendStO,, 1 11-353, 389

(CoNHiCleoilSfO*, 111-487, 502, 833

tCoKHjNCSen,)SA, 111-618

(CoNHiNOienalStOi, 486. 561, 566,

589

[CoNH,NO,en,lSiO,, 111-590, 598

(CoOHH,Oen,lS,Oi, III-391, 544

[CoNH^CNemlSiOr AgNOi. 111-624

CoS,0,CTH,N0r8C,H*(NH,), -214,0, III-

35

Co(8bO,),'7H,0, 111-210

Co8flOr2H,0, 111-128

CoBcOrSeO,, II 1-298

CoSeO,(SeO,),*H,0. 111-290

CoSnClrCHiO, III-134

CoTe, I1M6
CoTcOrHA in-l29

CoTiOj, 111-97

Co<VO,)rH,0, in-206

CoWO., 111-130

CoWOr2H,0, ni-288

(CoNH,NO,eD,IX,, lU-833

(Co(CN)il‘ICoprnl. III-565

2(Co(NH,)»Cl,l, in-693

(Co,(>IH,),OHOHl(Aua,>., in-731

Co,B, IIM
2(roBr,(C,HiNi),lBr, 111-808

lCo,(NH,),Br,NlI,Br,IBr, III-683. 689

2(CoNC8Brenj)Br, 111-797

(Co,(NH,)iOHOH)(BrOO^ 111-738

2fCoNH,Bren8)Br,, 111-806

|Co,(NH,),BrNH,0,BrIBrs, lU-688

lCo,(NIl5),BTOHNO,BrlBr,, I1I-885

(Co,(NH,),NH,0,Cl,IBr,, 111-718

{CoNHjNC-ScotlsBrrSA*, II1-615

(CojNHHBrOtcn.jBn, 111-764

(Co,NHO,en.]Br,, 111-758

[Co,NH,SO.en,lBr,, 111-768

2lCo(NH,)#lBr,, III-704

(Co,(NH,)iH,ONHtOHNO,lBr,, 111-770

[Co,(NH,)*H.O(OH)Ac,]Br„ 111-601

[Co,(NH,)gH,O(OH),0,lBr,, I1I-807

ICo,(NH,),NHAH(C,HAi)lBr,. III-751

(Co,CNH,)iNHAHOHlBrh III-787

II 1-684,
(Co,(NH,)4NH,OHO,lBr„ 111-788

ICo,(NH,),OHHA(C,H,0,),)Br,,

691
(Co,(NH,)4NH,OHOHlBr,, III-752

lCo,(NH,),(OH},(C,H40,))Br,, 1II-690

|Co,(NH,),(OH),NO,lBr,, III-692

(CotCNHiltNH^O.lBr,, 111-699

(CoiNHAHenaBfi, 111-765

(Co,NHrf>*eD4|Br,. 111-786

(Co,(NH,)*(HAiNH,(C,H,0,)lBr 4,111-776

ICo,(NH,)*NH,HABrlBr4, 111-801

jCo,CNH,)iNH,NO,lBr4, I1I-800

(Co»(NH,)*NH,OHiBr4, 111-767

(Co,(NH,)iNHAi)Br4, 111-681, 682. 802

(Co,(NH0,(NH,),)Br4, III-747

lCo,(NH,),OHNH,lBr., 111-703

(Co,(OH),cn*lBr4.IiI-8l2

Co,Br4(NO),(NH,)4*HBr-HA 111-672

Co,Br4(NO),(NH,),*-3HA 111-655

[Co,(KH,),NH,0,){CO»),, in-789

Co,(C8N.H4),(S04)„ ni-260

Co,(C8NiH4)jCl4, in-90

Co,(C,H4N,8,),, I1I-136

0>,(C,.1I,40,N,S,), III-03

(Co,(NU,)*(OH),KC,04)„ 1 11-743

(Co,(NH,)i,(NOj),1(0,0.),, I1I-708

Co,(CA4),(NO),(NH,)„'4H,C,04‘3H,0,

111-654

2(CoNC8C|en,ia. Ilt-627

lCo,(MH»>*CI,NH,n,ia, ni-777

|Co,(N 11,)4NH,OHO,)CI, 111-086

(Co,(NH,>,(OH),l(ClO,)4. in-739

Co,(Cl04)4(NO),(NH,)irHA ni-651

2|CV>NII,<>n,lCl„ 111-612

|Co,(NH,).HA('INH,C’l,!('L, 111-724. 777

lCo,(NH,)4NH,NO,n,|(‘U, 111-791

(Co,(NH.),NH,OA)C'l,. 111-723

|Co,(NH,)4Nl!,OAI,)Cl,, II 1-789

(Co,(NH,)AHNO,CI,lCl,. 111-725

|Co,(NH»>,(NO,)4lCl,, ni-794

[Co,(NH,)i*(NO,),(NO,),)Cl,. 1 11-708

(Oo,(NH,),Cl,cn4)Cl,-804, 111-612

lCo,(C,H,N),a,en4)Cl, SA4* ni-532

lCoCl(NH,),|Cl, + (OoCl,(NH,)*lCl,

728

(Co,(NH,)iHA(NH,)OHNO,lCU II1-761

ICo,(NH,),NII,OII(C,U40,))Cl„ 1II-753,

755

(Co,(NH,)*NHAHOHlCl„ 111-754

(Co,(NH,),NHAH05ia», ni-686, 788

III-
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(Co»(NH,),OH(NO,),lCl,, IU-718

[Co,(NHj)«(OH),C»H,0,lCJ^ 111-721

|Co,(NH,),(OH),NOiJCl,, 111-722

lCo.<KHi)»(0H),O,K,O)ai, 111-808

ICo,(NH,)*(OH)j1CI,, III-475

(Coj(NH,),(OH)»lCl,, 111-809

2CoCl,, 1II-709

ICot(NH|)*OHOi)Cl,, I1I-762

(Co,(NHOiH,ONH,a]CI., 111-783

(Co,(NH,)iNH,NO,ia4, 111-741, 742, 778,

803

[Coi(NHi)iNH,OH]CU 111-749

|Co,(NH,)«NH,0,]Cl4, 111-715, 804

fCoi<NKi)«en«lCl4(CtO«), 1U-7S9

lCo(NHi)i|aj -f [Co(NHj)ta)Ckt» 111-750

Co,(SCH,COO)*CoHr7HiO, 111-50

lCo,(NH»)*(OH)(OH)l(CrO.),, 111-744

Co,<CrOOi(NO)»(NH,)t.*4HA 1 11-857

(Cot(NH,)»(NOt)«)CrtOT, II1-S78

CoiF«(CK)«, in-274

lCot<NH,),.<NO,)dFe(CN)fc 111.714

CoiF^(CN)4*7HA in-197

jCo,(NH,),OHOH|(HPO,),. 111-745

[Coi(NO,)4-(CrO.)ilH,0«8NH^ 111-836

|Co,(KH,)iOHOHK10i) 4, 1II-740

Co,(IO»)*(KO),(NH0i*-4H!O», I1I-852

|Co,NHO,en4lL, III-TOI

|Coi(NH4)iNH|OH(C,H|0,))lj, 111-773

(Co,(NH,),KH,OHOH|I,, 111-784

(Co,(NH,).(OH),Acir», 1II.694

(CoiNHOjenilL, 111-700

[Co,NH,OHon,|U, UI-705, 772

|Co,(NH|)iNHiNOt)l4. 111-785

|Co,(NH,)»OHOHIl*, 111-735

(Cos(NHi)«en»lI*CjO», 111-485

Co,(NH,)r(SOi)rI** 111-228

Co(NHi)r(NO,)r(NHa)i-Co(NO,>i, lll-

572

a,(NH,)i(NO,)4(NO,)i, III-340

Co,(NH,),{NO,} 4S04, in-270

2ICoNO,Cr04H*0]8NH,, 111-835

Coj(NH,),iai, III-709

Co,(NH*)i4(NOj)iCI,, 111-644

Co,(NH,);*(NO»)$<NO.)»a,, 111-841

C«t(NH,)«(NO,), 2HA ni-«3
Co,(NH»)i*(S04)iBr,(H,0),, 111-642

Co,<NH»),.(S04),CL-2HA ni-642

Coj{NH,),4(S04)ih'2HA 111-278

Co,{NH»)»Cl.*2H-SO*, in-646

Co,(NH,)„(S04). CU, ni-645

Co,<NH,)i,*(S04>rl5, 11L228

fCo,(NII,)*(NO,)4UNOi),, 111-584

C6,(NIf,)4(H,0>iNHiN0j(H,0),(N0,)„

III-701

Co,<NOi)4S04'2CtH4(NHi)r2Cl!,CI!NHr
CH,NH„ 111-178

Co>(KO,)«S04(HtO)vaKHi, 111-162

Coi(NOi).-6KNO*-3HiO, 111-137

Co,(NO,),-6NH», 111-117, 147

[Gi),<NH,)iBr,NH,Bri|NO,. 111-878

(Co,(NH,) 4a,NH,NO,aiNO„ 111-711

2|CoNO,KCSen,)KOi. III-708

(Cot(NHa)«BrOHNOiBr](NOi)i, 111-670

(Co.(NH»)4aKHiN0ia](K0a)», 111-710

(CoilNHi)«ClKHiOiaUKO>la. 111-713

[Coi<NHj)4ClOHNOia)(NOi)i, 111-712,

710

[Cl>,{NH,)|(NO.)4l(NO.)^ 111-795

(C<»NHO,eti 4)<NOi)i, 111-790

[Coi(KH,)4H/)XH,OHNOi1(NO»)i, 111-779

lCot(NH4)«NHiOH(C,HaO,)KXOa),, 111-

758

[Coa(XHO«NHiOHOHUKOa)a, 111-757

(Cot(NHa)4XH,OHOaKNOi)h 111-587

(Co,fNH,)4(OH),(CiHiOi)UNOi)i, I1I-760

|Co«(NHa)i(OH),KOaKXO))». 111-728

(Coi<KH»)«(OH),OiH90]<NO))», 111-810

(Co,(XH»).aNH,XOil(NOi)i. 111-729

|Co,(XH,),NH,S04l(XOj)», 111-799

|Cb,KH»OieD,l(KOi)4, 111-774, 780

[Coa<KH,}4HtONHiOHH,Oj(N04l4, 111-705

ICoi(KH,)»NH,NO,KNOj)4. 111-741, 742,

781

1Coi(NH.),NH,OHUNOi) 4, 111-787, 788

lCoi(NKi).NHtO,](NOi)4, 111-805

ICi>,(NH,),*(XO,)i)(NO,) 4, m-708, 707

(Co,OHOHen«}(NO,l4. 111-702

(Co,(NH,)J<H.XOiKNO») 4 'CiHaN, 111-775

Co,(NO»>4li{NH,).i XA in-856

Co,{NO,) 4(XO),(NH,)n-AgNOi. III-648

Co,<NO,)4(XO),(NH,)i.HXO,H,0, 111-

674

Co,(NO,),(NO),(NH,)ii HA I1I-204, 658,

874

ro,(XO,)*(XO>,(NH,),.-N,0,, III-653

ICo,(NH,)i*XHd(NOi)4, III-769 .

Co,(NOa)i,-(XO,),<C,04)„ 111-717

Co,<NA)*)(NH,),.(CI04)4 2HXO,, 111-881

Co.(N,0,HNH,),.a*, III-120

Co,X,0,(NH,).*(N0,)4-2HN0,, 111-662

Co-X,0,CNH,),6(NO,)4H^4, 111-281

1Co2(KCO,)i)0, 111-60, 68
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CoiO(CO,)>, ni-58
Coi<OH)(NH,)(NOa)4'8NH,, III-212

Co(OH)rCoCO„ I1M88, 199

Co(OH)$'CoC,0*, 111-76

Coi(OH),Br, 6NH„ 111-84

Co(OH),C.HfON,SCoOH.H,0, 111-214

Cot(OH)iCli-6NH>, ni-139

Coi(OH)., III-W2

Co.Oi, 98, 198, 2S3, 285, 292, 536, 647

CotO.-SHiO, III-224

CoiP, in-5, n
Co.PiO-, 1II-164, 284, 327

ICo.(NH,),(N0.1.1PtCl.. III-579

iro,(NH,).OHOHKPtCl.)., m-736
|Co,(NH.).(H^),en.l(PtCI.)i, III-406

lCo,Cl.pn.lPtCl., in-433

Coi(SOi)icn.lPtCl., III-460

|Co,[NH.).OHOH](PtCl.)„ 1II-730

|Coi(NHi)i(H.O),en.l(PlCi.)., 111-402

ICo.(NH.).NH,OHC,H.O,l(PiCI.)., III-755

rCo.(NH.).(OH),l(PtCl.).-8HAU1-HO

2ICoNC8HAnil(8CN)., 111-811

rCo,(NH,).(OH),A«l(8CN).. III-695

Oo.(NH.).H.ONH,Cll(aCN).. 111-737

(CCoi(OK)OHen.K8CN)., 111-700

lCo,{C0i)ieii.l8O., 111-550

(CoiCUn.lSO., !ir-469

|Co,(NC3).Brj«n.lSO., 111-496

ICoi(NC8)ia.«n.l80„ II1-497

|Co,(NCS),(NOi)ien.l80^, I1I-470

rCoNH,Bren,lBr, + lCo(HiO).180., 111-806

;Co,(NH,)4ClOHNO,aiSO.. III-720

rCo,(Ne,).(H,0).(Ci0.1,)80.. 111-582

(Co,(NH.).(NO,).|804, 111-583

lCo,(NO,),(H,0),<-n.|SO., 111-581

tCoj(NH.l,NH,80.1^.1ISO., 111-732

lCo.(NH.).H,ONH,C11(80.)>. 111-731

|Co,<NH.).NH,Brl(SO.)„ II1-897

rCo.(NH.).NH,H,OBr)(80,)i. II1-698

lCo,(NH,).NH,NO,KSO,).. 111-782, 793

[Coi(NH.),NH,O.KSO.)>, 111-682, 715, 733,

783
(Coi(NH,)«(OH),O,Hi01(SO.)rNH„ lU-

771

Co,(SO4)*<NO),(NH0..‘2HA ni.276, 660

Co, (SO,),. III-1613

[Co,(H,0)ien4KS04)a, 111-397, 403

2lCo(NH,),l(SO.),, in-640

Co,(S04)r<NH4),S04‘24H50, 111-676

(CcBrsCl^enilSjOi, 111-362, 305

(Ck)jBj«en4{St04, 1II-361

lCo,(CO,),eQ4|S,OB. 111-479

|Co,(NCS)5Br,en4lS,0,, IiI-360

(Co,(NC8),a,en,lS,Ofe 1II-363, 498

(Co,(NCS),(NO,),eD4|S,0», 111-631

(Co,(NCS)4en4jS/)», 111-628

|Co,(NH,)4ClieD,lS»0*, 111-364, 480

iCo,(NH,),BrOHNO,BrJS,04, 111-680

(Co,(NH.)*C10HNO,C11S,04, 1 11-798

fCo,(NH,),(H,0),(C,04)tlS20,, U 1-585

(Co,(NH,>,H,ONH,Cn(S,0.),, 111-746

(Co,(NH,),NH,0,l(S,0*)„ in-792

(CofOHOHeOiKSiO,),, II1-632

ia>,(NH,),(0H),l(S,04)„ 1II-747

[Co,(H,0,)rfn.l(8»0.),. ni-409

Co,84. I1I-125, 667

CoiSi. 111-12, 14

lCo,(NH,)*(OH),KSiF4),, 111-748

CoiSiO,, ni-231

Co,Te-4H,0, 111-38

Co,(A*Oi).«8H,0, IU-280

lCo,(NH,)i(C,H4),IBn. 111-505

|C<»»(NH,>4(0H),(0H),lBr,, 111.821

(Coi(NH,)4<OH),(OH)»)Cl,, 111-809

lCo*(NH»)4H,OCOII)*H,O(OH)»ia4,m-820

Co,<0)(CNWi. ni-312

[Co,(NHi)4(NO,)4(NO04lCo(NH,)4, 111.146

Co,Crt(CN)i„ 111-203

(Co»(NH,)»,(NO,)iKNO,)i*Co, 111-481

CoiN,. in.160, 210, 297

Co,Oi, 111-29^7 813

Co»(P04)i, in-670

CoiP,. 111-131

lCo,(NH,)4(C,H4)iK8CN),, II 1-554

(Co,(NH4)4(OH)i(OH),l,(S,04)», 1 1 1-822

(CoSeOi)a*HiO, 111-63

Co»Se, 111-96

(Co(NH,)4(NO,)ilr[Co(NO,)4lJII-588

Co4<KOi)4(NO)4(NH,),4'Pb(NO»)2, III-659

Ci)4(N,Ot)jCNH,)j4*H,0(804)4, 111-281

[Co4(NH,>„(0H),(N0,),K804)., 1 11-727

(Co4(NH»)i,(OH),l(SO*)4, 111-621, 622

l2Co(K0,)4t1iMCo(NH,)4l,(S04)j, 111-640

(Co(NO,)$J,'(Co(NH,)4NO,U II 1-535

Co,A«,Oi 4, 111-211

Cra,. III-2121, 2638

CtFi, III-1613

CrOi, 111-1955

Cr,(S04)», 1 11-2639

CsAuBr,. Ill-ma
CfiAua,, III-1925. 1964

CaCl, III-2038, 2462
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CaCllCl, 111-2471

(CsP-CbPi), III-S50

C8Ga(Se04)*-12H,0, !II-1717
CsGeF«, 111.1900

Csl, 111.2448

CsLAuI», I1M96&
CsIOiF,, 111-2647

CsIOj, 1 1 1.26 13

CsIO,. 111-2431

Csl,, 111-2593

C8ln(SeO4)»l0HiO» 111-2373

C8,Cu,(CN)v3HA 111-958

C8tCu,(CN),, 1II.959

CetS^O*. 111-2448

111-900, 943, 953, 1000, 1018, 1025,

1026, 1037, 1040, 1042, 1073, 1102,

1103, 1104, nil, U17, 1119, 1163,

lids, 1168, 1179, 1180, 1181, 1231,

1237, 1265, 1266, 1267, 1268, 1272,

1278, 1280, 1316, 1347, 1355, 1357,

1362, 1363, 1364, 1365, 1401, 1402,

1412, 1416, 1418, 1429, 1430, 1435.

1436, 1440, 1444, 1451, 1452, 1453,

1471, 1485, 2186

Cu* ni-943
Cm**, 111-932, 940» 841

CuAg 111-1139

CuBftKi*eNOi. ni-10$5

CuBft(NH4)reNOi, 111-1085

CuBr, 111-951

OyBrCjHiOfSNHj, 111-948

CuBr,, 111-883

CuBrr6NH,, III.949

CuBrr2NH«Br 2HA IIL883

Cu(CHjClCOO)v4niO. II 1-975

rn(CH,COO)5. IH-1463

Cu(CHiSOi>j. in-1359

CuCN, 111-900, 1381

CxjCNKCN. 111-1282

(CuCN)r3KCNS, 111-960

(CuCN)f3NH4CNS. II 1-960

CiiCNO, 111-910

Co(CN)j» 111-909, 1173, 1283, 1381

Cu(CN)r2Cui(CN)i, I1I-1487

Cq(CN),- 2KCN, 111-973

CuCNS, ni-1284, 1309

Cu(rNS)f 4Nn,, 111-052

C>j(CNS),-6NII», 111-974

CuCO,. 111-1338

CuCO, 01(011)1, 111-1151

CuC0,-3Cu(0H)rHA IIH336

CuCO» 5Cu(OH)t, IIM340
CuCO,-2NH„ IIM214
CuC0j Nft,C0,-3H,0, 1 11-986

CuCt, in-866
CuCtHaOr4NH,, III-1012

Cu(C,H,0,)t, 111-902

Cu(CiH,0,)« CkH*K, 111-992, 903, 094,

1010

Cu(C,H,Oi)r2NH,, 1II-997

Cu(CtH|0,)i-4NH,, 1II-949

Cu(C>H»SOi)v4HtO, 111-1245

CuCtO^, 111-1341, 1421, 1423, 1488

CuCiOr2C.H»N, II 1-1028

CuCt04 (NH»),-2H,0, I1I-1029

CuC,04 PtCt0«6(H,0>, III-1210

CuCiH»NH»(CCK»t, III-1222

Cu(CiH»0<)i, I1I-1370

Cu(CiHtOsN),, III-987

CuC«H«(COO)t, 111-991

CuC*H,0*, II 1-979

CMiCMiOCOOh, 111-1201

CutC^HiNHiCOOi, III-1221

CuC«04H«<NHi) 4, ni-l3l0

CuC«0»Ri, Ill-ueo, 1311, 1312

CuC40iH«-4(NH>), IIM312
Cu(C*H*N)**C*H4SO* n,0, ni-1013

Cu(C»Ha4)t(C«H»COO)i, 111-1254

<>i(C»H»N)t(8CN)t, IIM28S
Cu(C»H»N)4at, 111-1420

Cu(C»HiN)4'CrtO*, 111-1252

ru(C4HTOtBr),, 111-1205

Cu[C«Hi(NOi)iO]rllHA 111-970

Cu(C«H|BrtCOO)i, 111-1006

Cu(C*H,NH,BrCX)0),, III-1005

C\i(C*H4n804)„ II1-1371

Cu(C4H40HCOO),, 111-1373

Cu(C«H40>N»)i 4HA 111-1253

Cu(C*H4COO),, 111-1373

Cu(C,Hi-COO)rXNH,, lU-1016

ruC|H4N(COO)i, III-995

Cu<C4HiNCCK))i, IlMOOO
CuC.HiA, in-988
Cu(C«HiiOf)i, IIM269
ai(C«HiiNOi)i, 111-1224

C«(C,H4NS»)», 111-1256

Cu(C7H«BrSO>)i, 111-1369

Cu(C7H«0tN)t, II1-1257

ru(C,HA:00),, 111-1372

CmCtHtOCOOK, IIH372
Cii(C7H»4NH.COO)-. ni-1106

CuC7H|<0»N^» I1I-1023
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CuCC.HJ<.S,).,
Cu(C,H,N.OiCOO)i, III-1007

Cu(C,Hi.NCOO)i, III-I008

Cu(C.H,.NOCOO)., III-1225

Cy(C4J..N,C00),, III-1220

Cu(C.Hi7COO)., in-J367

CuC.H,KCH.J., I1I-1122

ruC.iH.O, HjO, III-1258

^«5..H.C1-NHC.H.0) . (SO.)., IU-1248

Cu(C..H.ClNH0(8O.)., 111-1247

Cu(Ci.H.(NO.).-(SO,),)-4HA III-1248

Cu(Ci.H,0,N)-9H.O, m-1258

Cu(C..H.NO,), H.O, III-1259

Cu(C,.H„BrSO.).. 111-1388

CuCnH.rf)N£'H,0, III-1068

CuCiiHn0K.S-llI1.0, 111-1068

CuC.,H,.0,. 111-1260

ChiC„H..8rf3.'4C4H.N. 111-1017

Cu(C,.H.C1.0C00),, 111-1261

C^i(C..HuOCOO)„ 111-1374

CuCuH.O.N.7H.0, 111-1262

CUC..H..O.N. 6H,0. m-1020

CuC,.H,.0.S,N.-9H,0, 111-1024

Cu(C..H..O,)., II1-1288

Cu(C.,H..O.N.8). III-1021

Cu(C..Hi.O,)., tIl-8!

CuC„H.Br.O,, 111-1219

CuC,,H..N,0., III-1019

CuC,.Hi.O,.N.-10H.0, 111-1262

CuC..H,.O.N.8i, 1II-1022

CuC»(NH.),-8NO,.111-1093

OlCI, 111-888, 801. 928. 1037. 1«7, 1M9.

1080, 1066, 1075, 1077, 1079, 1081,

1082, 1091, 1096, 1099, 1105, 1108.

1197, 1322. 1439, 1488, 2463

Cua(CH,),8, II1-1063

CuCl (C.H. 5-CH.COOH)., 111-1033

CuCl(C,H,NS.O)C.HiN8rf).. 111-1068

CuCl-(C„H„N,)., 1II-1036

CuCl XNH., I1I-1047

OjCl-NH.Ca, 111-1068. 1107

CuCl-8'CH.C(:NH). 111-1062

Cu(ClO.).'4NHi, I1I-1057

Cu<C10,),-6NH,, III-1058

OjCI., 111-82, 887, 891, 893, 926. 933, 983.

1027, 1038, 1040, 1051, 1054, 1074,

1078 1101, 1104, 1116, 1143, 1169,

1176, 1176, 1193, 1226, 1236, 1250,

1270, 1271, 1284, 1318. 1319, 1393.

1399, 1400, 1409, 1410, 1411, 1443,

1464

Cua,’(C.H,.ON.)^ Ill-1069

C>lCli-6C.HiN, 1II-1070

O.CI.C.Jl.,N., IIl-lO”

Cua,-CuCa-NH.-2HA ni-1166

Cu(a.-3CoO, III-1061

Cua.-{CuO),-2HA in-1086

Cua.-8Cu{OH), H,0. III-1053

Cua.KCi, ni-mo. 1112

CuCl. NH., III-1O80

Cua.-4NH., ni-1393

CuCl,-NH.a, 1II-1113

cua..2NH.a
(CuCl,).CoO(NHi).-3H.O, 111-1135

(CuCl.).NH.-2H.O, ni-1168

CuCrO., 111-1148

CuCriO, Hg(CN). 5H.O, III-1114

OiFOH, 111-1392

CuK>H'2NH,. ni-1391

CuF,. I1I-1208. 1436

CuF. HF, II1-981. 982

CuF..(MF).-8H,0, 111-1182

CuF, H,0, 111-980

CuF.KF, 111-981

CuF.-MoO.F,-4HA 111-1185

Oir, (NH,).-8H.O, III-1115

C«F,.(NH.).F,, 111-1216

CuFiRbF, 111-982

Cu(HCOO)„ III-990

Cu(HCX)O>,-4H,0, III-1174

CuH., 1II-1279

CuH,(CO.),, III-989

CuH.<C.H.O.)„ 111-979

Oi(H.N80,)., 1II-1118

Cu(H,0),, 111-1119

CuHg(CNS)., III-1088

Cu{HgI.),-4NH., 111-1158

C^jl, 111-902, 912, 913, 996, 1109. 1129,

1130, 1146, 1162, 1189, 1290, 1291,

1292, 1325, 1354, 1375, 1459, 2625

Cu(IO.).-4KH,, 111-1128

Cu(IO,),4(NH.) 2H,0, 111-1127

Cu(!0,).’6NH., III-1128

Cul,, in-896, 1124, 1177, 2625

(>.KC.O,H., in-1160

{^HrCH.(kH.),)-{SCN),. I1I-1286

Cu(NH,C.H.),I., II1-1293

CXi(NB,), CO., II1-985

Cu(NH.).'C.H.SO.-2H,0, 111-1014

Cu(NH,),I., I1I-998

(>i(NH.),(OH)„ 111-1306
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cu(NH,),icai.o„ iir-^
Cu(NH04CO,, III-920

Cu(NIIa)4 C„H,^,0, 2HA in-»0l5
Cu(NH,)^(OH),, II1-085

CuNH-C*0»H,. 111-1312

Cu(NH0jC4O*H,, IIM312
CuNKt-3NH„ II1-115T

Cu(NO»)», 111-1144, 1146, 1200, 1249

Cu<NO,)s.CuO, IIM136
Cu(K0,)<, III-U3$
CuKOr2NH,, lll-im
Cu(N0i)9, !U-881, S97, S98, DOO, 901, 902.

019, 1137, 1144, 1145, 1178, 1200,

1230, 1232, 1294, 1405, 1431, 1449,

1450, 1469

Cu(NO,),'(C»Ui«OK,SCu), llMMl
Cu(NO»)i'3CuO, 111-1140

Cu(NOi)i>4NH», 111-1150

Cu(NO»)r6KHi, I1M159
CuK,0», 11M431
CuN«, IiI-1437

CuN«‘5HiO, I1M207
CuNr2NHa, IIM207
CuNftC,H*0r8H,0, 111-1223

CuKaC.O»H,, III-1331

CuN6,C«0>H,, II 1-1334

CuO. 1 1 1-809, 000, 901, 927, 928, 939, 1024,

1041, 1051, 1052, 1054, 1098, 1101,

1118, 1125, 1137, 1155, 1167, 1218,

1229, 1207. 1342, 1363, 1366, 1399,

1400, 1411, 1432, 1444, 1462, 1466,

1467, 1482

C uO 2C0, 6UA III-1336

Cu0‘Cb,0», 1II-870

CiiO Cb,0» 3 6HA 111-1317

CuOCli, IIMIOO
CuO CuFrHtO, 1 11-980

CuOH, III-071, 1046, 1241, 1406

C‘u(On),, III, 1131, 1203, 1275. 1306. 1307,

1316, 1328, 1334, 1337, 1342, 1466

ru(OH)t C’uSO,, 1II-1468

Cu<OH),HA I1M306
C’u(OH)r2NH,. 111-1307

CuOSOj.SHjO, 111-1349

CuO SO, HNILHSO*, 111-1313

CuO 3SOr3CaO-CftSO,, 111-1263

CuO'4SOr3CaOCaSO,. 111-1263

CuOj, 111-1275, 1342

CuO,<C.H,C:OONa)i, 111-1206

CuOiHA 111-1209. 1275, 1380

Cu(P04)», 111-1083

CuPb(NH,)t'6NOt, 111-1153

CuS, I1I-903, 922, {m, 1076, 1152, 1151,

1227, 1228, 1243, 1276, 1347, 1351,

1390, 1454, 1460, 1461, 1473, 1483

C« 8 CHr COO-CuOH 511,0, 111-1094

(Cu«8 CH,COO),Cu ('uSCHiCOOCu-
OH -811,0, I1M004

CuSCN, III-1087, 1284, 1309

Cu8CN-C,Hk S CH,COOH, IIM034
Cu(8CN),.(C4H,N>,. ni-1287

Cu<SCN),-4NH,, 111-950, 952

CuSO;. 111-682, 894, 895, 903, 004, 905, 006,

908, oil, 914, 925, 942, 970, 1118,

U71, 1172, 1183, 1184, 1195, U96,

1202, 1289, 1275, 1339, 1438. 1455,

1456, 1457, 1460, 1464, 1471, 1482

CuSOv3CuO, II 1-1251

Cu80«-3Cu0-4H,0, lU-954, 1330

CuSO,-3Cu(OH)iH,0, 111-1306

Cu$0«-<Cu(OH)<)rxHA 111-042

CuSO*-5HA I1M303. 1385

CuSOrNHfOH, I1I-1304, 1305

CuSOi 5NHiOH, 1IM378
CuSO«'4NH«, ni-1215, 1307

CuSOrKO, 111-1815

CuSO. NaiCOi 3H>0, 111-1320

Cu(S«0»)'6KH,, IIM3Se
CuS40«-4NH>, 111-1387

CuSiOi 4HA IIM38S
CuS«, 111-968

Cu(SeCN)t, 111-968

CuSeOt, 1II-1211

CuSeOi-HiSaOt, 111-3389

CuSeO, H,SeO, 2HiO, 1IM211
CuSeO*. 1II-983

CuSe04-2Ht0, 111-1324

CuSn, II1-935

CuTe, IH-1001

CuTeOi, 111-1149

CuZqi, 111-938

CuiB^Ot, I1I-1395

CutBrt* Cu(OH)»*HiO, III-1212

Cu,Bfi-2NH,, I1I-947, 1398

CutBri(4NH4Br), III-1396

CutCO,, IIM407
Cu,(CH,CXX))i, III-955

Cxi,(CN)i, II1-972, 1487

Cu,(CN),-3KCN8, 111-960

Cu,(CN),-3NH*CNS, II1-960

Cu,(CNS)*-2NH,, 11M397
Cu,Ci, IIM030
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CVI.C.O.H., 111-1311

Cu,(C.H.N).Br,, 1II-046

riwrCkHiN)4CU, 111-1035

Culcl 524, 034. 1074. 1076, 1080.

I 111 1164, 1408, 1412, 1410, 2464

Cu.Cl, C.H.8 CH,COOH HA I1M033

Cu,Cl,CuO(NH.),-3HA 111-1135

Cu.Clr3NH.. I1I-1403

Cu,Cl,.NH.a, IIM107, 1113

Cu.Fe(CN)fc I1I-1300, 1301, 1302

Cu,r«(CN).-HA
Cu,Fe(CN).-8NH,, I1M090

Cu,Hi, III-1264

CuiH.NO., III-1431

ai.I,. III-1177, 1277. 1384

Cu,I.C’,H. SClU(COOH)„ ni-Ul3

Cr.l! (C.H. S CH.COOH)., HHI21

CujMr, III-915

Cuj(NH,)iCOi, ni-U33
Cuj(NHi)i«COi, UM134

Cu’,O°iil-8Br016. 92«. 031' 03®'

1004, 1011, 1030, 1048, 1117, IIM,

1188, 1170, 1186, 1887, U95, 1198.

1190, 1200, 1214, 1272, 1326. 1353,

1376, 1406, 1409, 1410. 1445, 1470

Cu,OC,H,, III-1414

CUiOCl., 1408

Cu,(OH),. I1M284, 1308

Cu,{OH),CO., ni-1339

Cu,(OH).SO., IIM217. 1308

(Cu,0).-H,0, III-1048

Cu,ONaC.O.H„ UI-1334

Cu,(OOCH)i-4NH,, 111-1188

Curf)SO.-2NH,OH, III-1213. 1379

Cu.(0,CH),. ni-1188

Cu.PiO,, II1-1350, 1851

CuiP,0, CuNn«PiOi, III-1352

Cu,P,0, (Cu(0H),),-3H,0, I1I-1448

Cu,P,0,-5HiO, 1II-1350

(Cu,P^I.).-5HAni-'350
(Cu,Prf)iK.PA).*H«0'
(Cu.P,0,)rN».P.Or21HA TIt-1447

Cu,8. 111-885, 892, 903, 905, W; ®‘*'

921. 922, 930, 931, 978, 1043. 1123,

1138, 1190, 1101, 1192, 1234. 1235,

1238, 1276, 1344, 1394, 1468. 1465,

1476, 1481, 1938

Cu,(SCN)., III-1242

Cu.(SCN),-2NH„ m-1204

CUi(SCN).-6NH,. 111-1240

Cu,S-(NH,),-S., IIM192

*nU907” 1272. 1321. 1348, 1357.

1433

Cu^.-4NH., UH383, 1441, 1442

Cu,(SO.),(NH.).SO., 111-1377

Cu^.-A6AO.-5Na,SA-6NH..lD-’2«
cu^a-(B»s.o.).-4H.o,
Cu,SA-4(NH,)AO.'3HA in-13«

CuAO.-8rJ«,SA17HAin-1346
(Cu,SA).{Na^0.- (NH.t.8,0.-6NH.,

I1I-1343

CutSfc 1II-1474

Cu^tO., IIM345
CuiSe, III-933

CutTe, in-937

Cu,Te^ IIM002
Cu«Zo, UM477
Cui(A*0,)t 2HA IIMOOfi

Cu»(C.O»H>)i, 111-1332

Cu,(C,H*COO)«C«HttNi, IIM265

CuiCCiHfcOi)!, m-W9
Cu,(C4Hi07)iCuO-6HfO, 111-084

Cu,(C,HiO>)»-4CuO, IIM478

Cu.Co(CNK in-3!3

Cu,(Co(CN)*)^ UI-814

Cu*Coi(CN)»t'2NH>'5HA
Cui(CO«(CN)n)t*4HA in-8l6, 1280

Cu»Cf(CN)*. 1IM045
Cu»Cri(CN)«, III-1209

CyilFe<CN)*li*K»0, I II -1422

Cu,l4(NH,>i., ni-098

Cu.N. 111-1147

CuiN NHt, m-U57
Cui(0H)«'Cu804, 111-1327

Cu»0*SOj. in-1274

CuaP, IIM386. 1357

Co,(POO». ni-1084

CujPSi, in-1055

Cu,P,, 111-1358

Cu»P40,*. 1IM097

Cy,Si, 1II-1161

Cu,Sn, in-035. 936

Cu.TeO*, 111-1149

Cu.IAt. ni-1427

CuA I1H361
Cu<(OH).CU-HA 111-335. 1084. 1099

Cu^Oi-SOfTHA in-1194

oiA soa. m-ms
Cvii8A'(NasS,0,)f(CuCl)i. 11M049

cu*a, in-934
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Cu^Sn, I1I-U35, 936
Cu^{SO.),(OH)««2HA 111-1335
Cu*Cl.-C,lI,, IIMOW
Cu40i(S0,1j«5HA 111-1273
Cu,Or2SOj, 111-1329

D

D, 1 1 1-2066, 2070, 2073, 2081, 2086
DBr, 111-2074

DCI, 1 11-2069, 2073, 2075, 2080, 2085
D,, 111-2084. 2187

DiO, 111-2071, 2087, 2088, 2089
UiOi, ni-2082, 2256
Di(CiHtO>)«, IIM496
(DiIC4H,Cl(N0t)-S0>)»‘l6H*0), 1IM497
(Di(C,H4BrSO»)»-9HtO), 111-1497

(Di(C4H4Cl S04)i'9H,0), nM497
(Di[C,H4(N0,) >80,lr6H,0), IIM498
(Di(C4H»S0|)r9H,O). 111-1499

(Di(C,»K4(NO,) SOi]i*6HtO). IIM500
(Dj(CuH«(NOi)S04lr9H>0), IIM500
(Di[C,4H, S04U-6H^), IIM500
DiCl,, 111-1501

Di<N04)i. IIM493
DiO, n 1-1495

Di(OH),, ni-1501
DiSO«, 111-1494

DiSOi-HfO, IIM494
DiS0r3H)0, 1IM494
DitOt, 111-1495

DuOtCl,, 1II-1492

DyCli, 111-1503

DyCl|*6H,0, 111-1504, 1506

Dy(NOi)»>5HA 1IM505, 1506

DytO,, IIM502

E

Er(BrO,),, 111-1555

Er(Br0a)r9(H»0), IIM555
ErBr», 111-1639

ErBri«9(HiO), 111-1539

Er(CHO,)i 2H^, III-1541

Er{COOH)i, IIM540
Er(COOH)»‘2(HtO), 111-1540, 1641

Er(CtH,Oi)i, 111-1538, 1543

Er(C10i)i, ni-1557

Er(Cl04)i, I1M558
ErCli, 1II-15I6, 1527, 1532, 1544, 1554

ErCl>Auai*9(HtO), 111-1508

Era, (Il6n,)v(H/)),, III-1512
ErCl. PtCl, 111-1515
ErF,, 111-1509

m-1529
Er(HSO,)», 111-1533

Er(IO))i. III-1561

Ef(IO»>v3(H,0), 111-1561

ErdO^),, IIMS17
Er]^ 111-1545

Rr(NO,)i, in-1528. 1546
Er(N0,),«5(H,0), 111-1547

ErOCl, 111-1564

Er<OH)», IIM514, 1521

ErPO*, II1-15I1

Er(SCN)». IIM548
Er(SCN)>'6<H,0), IIM54S
Er<8CN), (H8(CN),>r6(H,0), IIM535
Er{SCN)j-(H8(CN),)»12(H,0), I1M635
Ert[(CH,),P04l», I1I.1642

Ert(CH»)«-(804)«18(Ht0}, 111-1568

Er,C0i (N»,C0.)r36(H,0), IIM522
Eri(COi)i, 1IMS22, 1525, 1526

Er,(C»H*)«(SO«)«18(HiO), 1IM556
Eri(CaOi)i, 111-1510

Ert(Ci04)a-9(HiO), III-1S18

(Er,(C^4),)x-((NH0>C,O,)y, IIM636
Er»(C«H40i)i, IlMS2g
ErtOi, in-1507, 1516, 1524. 1534, 1537

ErtPt»<CN)ir21(HiO), 111-1559, 1560

Er)(80<)i, IIM530, 1549, 1553

Ert(SO«)i'S(HiO), IIM550
Eri<80«)rK>SO«, 111-1553. 1563

Eri<SO.)rKtSOi*4(HiO), IIM562
Eri(SO«)«(NH«)iSO«'S(HiO), 111-1565

Erf(S0«)r(Nft»804)**7(Hi0), IIM566
Ert(SeO«)», II1-1520

Ert(SeO|)i(5H,0), 11M523
Ert(SeO»)>>9(HtO), III-I567

Eri<SeOi)iH>SeOid(HiO), 111-1569

Eri(SeOa)iSeOr5(H,0), 111-1519

ErtCSeOO), 111-1531

Eri(SeO«)>-8(HfO), 111-1531

Ert(SeO«)r9(H,0), IIM531
£r«(Se04)rK>SeOv8(HtO), 111-1570

£r»(8eO<)i'(KH«)tSeOi-4(H,0), 111-1571

fErt(WOOili-(Na,WO*),, IIM551
Er«(Fe(CN)«)i, 111-1513

Eri(PtO>}», 11M552
Eua,. ni-1574
Eua,, III-1572, 1577

Eu{NO,)i, IIM678
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EuSO., in-I573

Eu,{HCOO)i, III-1578

Eui(SO«)», in-l570

Eui(SO*)r8HA 111-1575

7

7- 111-1591, 1598, 1605

70, 111-1615

7, IIM632, 1634, 1635, 1644

7e'(CN)r'. ni-Mi
F«(CNS)a, I1M078
Feat, I1I-2189. 2295, 2400

FeOi. in-1986, 1967

FeCo(CN)i, ni-315

Fell, 111-1924, 2520, 2627

Fe(N0,)i, IU-U42

FeO, IIM924, 2232, 2401

F€<0H)f, 111-2627

Pe(OH)t, ni-2231, 2296, 2396

Fei(80*)i, 1IM966, 1967

FetSi, ni-2296

F**(C6(CN)i)t, 111-316

FeiO^, 111-2232

Gft, III-1699, 1721, 1725

OftBrj, 111-1686

GftBr,-6HA 111-1696

GaBrr6NHi, 111-1696

[Ga(CH>)»]fNaNHj, 111-1701

Ga(CiH0,a, II1.1703

Ga(C,Hi)iOH, 111-1702, 1703, 1705. 1707

Ga(C,Hi)iOK, 1IM707

Ga(CtH.)„ ni-1694

0»(C,H»)t NHa, in-1704

GaOi, III-1708

GaCU, 111-1689, 1690. 1691, 1724

GaFr3H,0, III-1692

Gall, 111-1688

Gali-SNHi, 111-1696

OaN, 111-1695

Ga(NOj)a, III-1693

Ga(OH)i, IIM710, 1712, 1719, 1720, 1724

Gai(C,H»)*80*, 111-1706

CaA, in-1713, 1716, 1722

Ga,0r3H,0-Ag, 111-1711

Ga,(S0.)i (NH,)t-S04-24HA Hl-mS
Ga»<8e04)»,lll-I7l5

Oa*(P«(CN>*)j, III-1709, 1714

GdBri-6(HtO), 111-1673

Gd(C,H/),).-4(H,0),
Gd(C,H,SO.>r9<HtO), in-1661

Gd<C.H.(NOi)SO»)i-7HtO. III-1672

Gda»-AttarlO<H.O), ni-1662

Cdar6(H,0), I1M676

GdCli'Ptai lOCHtO), ni-5664

G<i(NO,)i, III-1677

Gd<NO,)r6(HiO), 111-1678

(Cd(KO,).)*' (NHcNO,)y '
(B.O)a, 111-1667

Cd(OH)(CO,)HiO, 111-1669

Gd(OH)i, II1-I665

Cdii<CHj)*PO,)*. in-1674

GdiCCtO.)*, 111-1661

Gd.(CA)vl0(Hrf)), I1M663

Gdi(CoC.Nt>i 911,0, 11M666

Gd,(NO,),-l3(H,0), 11M678

GdiO», 1IM670
Cd$(Pt(CN)*)i*l8(H,0), IIM682

Gdi(80,),, 111-1671

Gd,(SO*)r8<H,0), nj-l679

Cd,(S0*)iK:S0.‘2(H,0),
111-1684

0di(S0!vNa.S0,.2KA 111-1885

Gd!fiol).'l^O,>5(lltO), I1M686

Cd,(8eO,>,10(Hrf)), Ill-ieW

Gd,(Sa04),'(K8e0,),>4(H^).
Od,(VO,>t-(VA)4-28(H,0),nM«^^

Ge, IIM773. 1808. 1820, 1823, 1829. W,
1838, 1843, 1844, 1869, 1860, 1867,

1868, 1878, 1880, 1885, 1894, 1895,

1897, 1898, 1899

CeBrt, I1M778
GcBr*. I1H739, 1740.

1773, 1781, 1863

Ge(CH*C4H4)4, 111-1793

Ge(CH»)>Br, 111-1779

G«(CHi) 4.
111-1789

Ge(C,H*)4, 111-1790, 1805

Ge(C4HR)i. in-1792

GeC*eiBr,, 111-1774

Ge(C*H*>iBrfc 10-1774

Ge(CJl.),. in-1774. 1795

0e(C.H*)4(CH,)*, ni-1794

GtClPi. in-l804

GeQ*. II1-1743, 1744, 1706, 1819. 1830.

1852, 1877

GeCltF-, in-1804

GeCUF, in-1804

Cea*. ni-1741, 1742, 1746, 1748, 1759,

1760, 1781, 1782, 1788, 1801, 1812,

1757, 1768, 1771.



830 ENCYCLOPEDIA OF CHEMICAL REACTIONS

1819, 1820, 1861, 1864, 1877, 1889,
1893, 1896

GeCl4'4NH,-4HiO, 111-1807

GeClrONH,, 1IM803
GeFj, I II-1808
GcF^, 111-1804, 1808, 1862, 1865, 1869,

1870, 1900, 1004
G«F*«3(HtO), III-1865

OeF*(KF)», 111-1810

GeH, IIM826, 1827

GeHBr,, IIM772
CeHCl,, 111-1744, 1746. 1747, 1748, 1783,

1784

G«RI|, I1M830, 1834, 1840

GeHs, 111-1827

GeHiBrt, IIM832
GeHtCls, IIM833
G«Htri, III-1830, 1834

GeH,Br, 111-1832

GeH«Ct, 111-1833

GoHil, 1IM834
GeHt, 111-1760, 1761, 1756, 1797, 1826,

1827, 1829, 1883. 1884, 1907

GelCli. 1IM816
Cell, 111-1761, 1762, 1830, 1834, 1848, 1854,

1886

GeL, 111-1761, 1762, 1841, 1843, 1844, 1866

GeNH, IIMS42
Ge(NC|HOi. IIM845
G«(NH)i, IIM802, 1847

GeO, 1IM809, 1817, 1822, 1824, 1826, 1826.

1857, 1880

GeO(xHiO?}, 11M814
G«(OH)», 1II-1784, 1787, 1815, 1817, 1818,

1849

Ge(OC,H*)., III-1791

Ce(OH)i, III-1775, 1906

OeOt, 111-1749, 1752, 1755, 1766, 1767,

1768, 1769, 1780, 1788, 1798, 1813,

1846, 1887, 1888, 1890, 1891, 1892,

1905

QeS, 111-1745, 1753, 1754, 1785, 1786, 1889

CeSi, III-1768, 1769, 1799, 1800, 1821,

1836, 1875, 1889

G«<80i)}, 1IM755
OeSe, II1-1770, 1877

GeSc,. 111-1770, 1801

Ge;H», III-1907

GetHi, I1I-1007

Ge,Nt. 111-1850

GeiH«, in-1763, 1851, 1882

H

H, 111-2064, 2065, 2066, 2067, 2068, 2070,
2073, 2081, 2205, 2213, 2233

H*, 1IM942, 2297, 2337, 2461
HAuBn, 111-1968

HAuCl,, 111-1914, 1920, 1922, 1925, 1969
HAuCU 3HsO, IIM017
HAu(NO,) 4, 111-2025

(HBOrH,F,), I1M619, 1620
HBr. 111-1736. 1778, 1776, 1989. 2039,

2040, 2049. 2050, 2081, 2186, 2224,
2251, 2402

HBrO. in-2224
HBrOi, 111-1661

HBrOi, III-2136

HCHO. 111-2495

HCh, 1II-2561

HON, I1M421, 1458, 2053, 2137, 2190,

2194, 2270. 2306, 2382, 2383, 2461.

2452. 2496

HCNO. II 1-2495

HCMS. 111-2496

HCOOH, 1IM484, 2259. 2508, 2672
HCOOK, m-2561
(HCOO)»Cu 3Cu(OH)t, III-14S4

HCtCutBr. III-944

HCtCutBrKBr, 111-944

HCiCu,a, m-1032
HC,Cu,C| KCl. IIM032
HCiCuiI, II 1-1120

HCiCu.I Kl, 111-1120

HCtCuA I1M031
HCtHiOt, II

M

858, 1989

HCtO«KHF, 111-1614

HCb04, III-S42, 864, 874

HG. II1-1509, 1510. 1511. 1516, 1551, 1573.

1626, 1630, 1663, 1784, 1786. 1786,

1797, 1798, 1799, 1800, 1801, 1812,

1814, 1815, 1820, 1822, 1825, 1829,

1853. 1872, 1877, 1881, 1889, 1919,

1922, 1925. 1949, 1956, 1968, 1970,

1972, 1973, 1975, 1993, 2019, 2044,

2105, 2134, 2140, 2155, 2184, 2185.

2189,

2581

2217, 2228, 2295, 2230, 2453,

HaOj, III-2502

HaO«. lli-2552

HD, 111-2066, 2072, 2076, 2187, 2188

HDO, III-2081. 2082, 2090, 2091, 2256

HDOi, III-2082, 2256
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HP 1IMS80, 15S1, 1500, 1601, 1603,

’ 1613 1636, 1659, 1660, 1954.2353

HI 1II-1726, 1816, 1830, 1834. 1846. 1906,

*

20J)S 2M8, 2208, 2200, 2310, 2316,

242s’ 2427, 2433, 2435, 2445. 2446.

2440 2400, 2408, 2504, 2305, 2506,

2508 2509, 2521, 2522, 2837, 2538,

2530, 2541, 2543, 2544. 2545, 2546,

2848, 2540, 2550, 2858, 2564, 2565,

2568, 2569, 2572. 2504, 2595, 2596,

2611, 2624, 2628, 2629, 2630, 2645. 2663

HI 'HCN, III-2403

HIO I1I-2088, 2418, 2468, 2534, 2537, 2583

\no\ 111*2377, 2430, 2432, 2433, 2453,

2461, 2467, 2487. 2490, 2498, 2503,

2507, 2525, 2528, 2527, 2533, 2537.

2540, 2542, 2583, 2603. 2607, 2663

HI„ Ilt-2144, 2528

nU 111-2144

HItCU, in-2682

HIr(H,0)r<0,0^)*, 111-2683

HMnOo IIM6I3
HNO,. 111-1025, 2106, 2840, 2565, 2702,

2740, 2752

HNOj, Ul-1809, 1517, 1618, 1819, 1575,

1842, 1831, 1025, 2041, 2042, 2047,

2261, 2271, 2305, 2484, 2375. 2408,

2581, 2665, 2668, 2704

HNO*, 111-2261, 227!

HOCi, lU-2127, 2228

HOD, III-2188

HOI, 111-2498, 2530, 2576, 2577, 2663

HPO,. I1I-2150

H8CN, ni-2151. 2205

HS nH,0-, 1 11-2297

HSOia, 111-2153

HSO*-CH,, tl 1-2541

Hi, IIM585, 1586, 1600, 1635. 1636, 1690.

1891, 1692, 1605. 1697, 1608. 1609,

1700, 1701, 1723, 1746, 1747, 1748,

1753. 1754, 1763, 1791, 1822, 1825.

1828, 1830, 1833, 1834, 1835. 1837,

1838, 1853, 1909, 1923. 1027, 2075,

2000. 2105, 2113. 2133, 2134. 2135,

2159, 2237, 2238, 2247. 2248. 2701

H?103, 220 cal., III-22I4

HiCOi, II1-2262

HiC|, in-1486

HiCiO*. II1-1671, 2683

H,C,0*Cu-2Cu(OH)i. 111-1484

IIjC,0* Cu«3Cu(OH)j, III-1484

HfCrf»*-Cu 4H,0, 111-1174

HiCoOi, III-95. 225, 232, 238

HjCrO*. III-2121

H2F5, 1IM585, 1586, 1602, 1616, 1624, 1633,

1634, 1637, 1642, 1643, 1647, 1653,

1809, 1811, 1900, lOOl, 1004, 2352

HiGcF*, IIM800, 1860, 1871, 1000

HtGeOi, UM910
HiGe^i, 1111874

Hilra*. I1I-2682

HiNCHiCHiSOaH, 111-227^'

HA ni-2107, 2112.2117. 2118,2110.2126,

2128, 2130, 2131, 2186, 2187, 2195,

2106, 2197, 2202, 2205, 2206, 2208,

2200, 2210, 2215. 2249, 2250, 2257,

2258, 226$. 2266, 2267, 2272, 2264,

2274, 2275, 2276, 2312, 2313, 2292,

2293

HA -f 68.4 cal., 1 11-2207

HA -I- 57660 cal., II1-2204

HA + 63550 cal., lU-2203

(H A)., in-2242

HA*, n 1-1603, 2109, 2202, 2243, 2261

HiPOt, in-2536

HA IU-15U. 1821, 1836, 1886, 1889, 1890,

1801. 2163, 2100, 2102, 2211, 2239,

2240, 2304, 2367. 2309, 2547, 2067

HiSO*, 111-1553, 1561, 1613, 1017, 1618,

1657, !683, 1756, 1922, 1056, 1975,

1976, 1977, 2021, 2026, 2051, 2054,

2220, 2255, 2263. 2260, 2303, 2305,

2306. 23U, 2365, 2369. 2425, 2427.

2433, 2496, 2500, 2548. 2504, 2595,

2607. 2660, 2661

HiSAi* ni-2058, 2239

111-983

HAOi, 11H654
HtTcO*. I1M660
Hi. 111-2212

HiAaO*. 111-2093

HiBOi, 1II-1992

H,Co(CN>*, 111-317

HiCtOt. 1II-2268

HxIr(CA*)i, III-2683

HiNaiTOi, I1I-2581, 2666

HA^ ni-2111

HiPOi, III-1877, 1003, 2307. 2446, 2510.

2540

HiPO*. IIM756, 2147, 2148, 2540, 2550

HiSbO*, III-2648
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H*Ag,0,, 111-2249

H,Fe(CN)4, rn-2123
H. PtO,, UM35I, H48

ni-2263

I II- 1 625, 1629, 1640
HiPaOi*, III-1483

HflCoj(C,0«)», 1 11-126

Hr, 111-2060

HfP^,.2HA III-2061

Hr, IIM6H 1757, 1759, 2235, 2328
HgBr, I1I-1758

KgCl, 111-1760, 2328

HgCli, 111-98, 108, 1656

HgCU 111-1978

HgFt, IIM604
Kgl, 111-2386

Hg(IOi)i, ni-2552, 2553

Hgl>, III-2551, 2552, 2553, 2619, 2632

HglvOKI, III-2632

HgNRjNOa, 111-2309

HgO, in-2264

HgS, IIM656, 1893, 2306

HgA 111-2264

HgiCo(CN),, ni-320

HosOi, rn-2062

I

I. 111-2398, 2414. 2427, 2600, 2638, 2726

I- 111-2491, 2536, 2571. 2577, 2588

I* 111-2450, 2458

iPr, II1-2482. 2621, 2674

ICN, II 1-2456, 2460, 2462. 2463, 2468,

2470, 2477, 2470, 2651, 2554

I-CN*, 111-2456

I(CNO)j, I1I-2469, 2470, 2480

T(CNS)«, III-2457. 2470, 2478, 2481

IC1, III-1979. 2382, 2406, 2451, 2461, 2487,

2488, 2518, 2523, 2524, 2531. 2568,

2648. 2654, 2660

in,, riI-2484. 2510, 2530

irirroCIrSlIA III-99

IP^. Iir-1606, 241)7

INH,, III-2566

IN,, 111-2409

lOH, 111-2467. 2515, 2688

10;, !1 1-2494, 2536

IO7 , II1-2420, 2492

IS,, ni-2547

1„ III-1605, 1644, 1762, 1848, 1082, 1983,

2020, 2060, 2141, 2142, 2143, 2145,

2147, 2265, 2379, 2383, 2396, 2309,

2400, 2401, 2402, 2404. 2405, 2407,
2408, 2409, 2410, 2411, 2412, 2413.
2419, 2420, 2421, 2422, 2423, 2424,

2425, 2428, 2436, 2452, 2453, 2457,
2466, 2467, 2460, 2470, 2472, 2474,
2478, 2480, 2481, 2484, 2485, 2491.
2493, 2472, 2583, 2601, 2602, 2603,
2607, 2608, 2609, 2610, 2611, 2612,
2614, 2618, 2620, 2622, 2623, 2625,
2626, 2627, 2629, 2630. 2631, 2633,
2634, 2635, 2639, 2641, 2642, 2648,
2644, 2648,

2663

eBr. 1I1-2517

2649, 2650, 2653, 2650,

IAI“, III-2817

IAt, 1 1 1-2426, 2532

IA«'3SO,, 111-2606

IAh 111-2437, 2447, 2486, 2570, 2589

IAv2SO,, 111-2616

ir. ni-2556. 2641

Ij*-, 111-2556

ln, 111-2331, 2S33, 2334, 2350, 2352, 2358,

2363, 2364, 2365

loBr, 111-2819, 2332

InRri, I1I-2319

InBra, II1-2331

lD(CHa)a, I1I-2328

InO, III-2335

In(aO«)»-8HA, 111-2326

laCIi, 111-2321, 2324

InCli, ni-2322, 2323, 2333, 2334, 2351,

2359, 2360, 2361

InPrSHA. ni-2362

In(IOa)i, in-2338

ln(NOa)a, 111-2327, 2351

In(OH)COa, I1L23S6

Ia(OH)), I1I-2327, 2330, 2339, 2342, 2345,

2357, 2371

1di(CH«)A III-2317

1di(CO|}«, 111-2343

1di(CA«)4> 111-2346

lo,(CrOa>*, III-2340

In,(HPOi)*, 1II-2347

InA(SO«)f 6HA, III-2S68

InAi, III-2329, 2351, 2353, 2366, 2371

InAa 3HA *Aq. III-2344

ln,S, III-2367

In»(SOa>i‘2In(OH),*5HA, III-2354

lDa(SO«)i, 111-2327, 2355, 2365
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In.(SO.). H»SO.-7HA in-2370

In, (8,0.)., nl-2348

In,S., III-2387, 2348, 2369

lni(ScOa)»*^HiO, 111-2374

fIn,(SeO,),IrllD(OH),l,«22H,0, III-2349

In,(SeO4)al0H*O, 111-2356

In4Fo(CN)»J», 111-2341

Ir 111-2701,2716,2720

lIrCla(NH,),lBr, III-2743

(Ir(NO,)a(NH.)*)Br. III-2745

Ir(CN)«Ag-(NHi)f3HjO, III-2730

Ir(C,NaH,),(NO,),1, 111-2739

Ir(C,N,H»),Ia, III-2739

(lr(NH,),Cilia III-2749

IIr(NH.)iNO,lCl,, 111-2752

IrCli, III-2896, 2697, 2733

IrCl^, 111-2687, 2691

lrCl*(2C*H*NHCl). 111-2694

Ira4-(2C.H.NHrHa), III-2694

IrClfl, 1II-2686

IrCir, 111-2685

(IrCl,(NHi)4ll, 111-2746

(Ir(NO,)tCNHi)alI, 111-2747

|Ir(NH,)»NOj]Ii, 111-2750

(lrCl,(N0i)4)K,, 111-2734

lrfKH,),Cl,, 111-2690

IrmUUCU, III-2690

Ir(NH,)*Br(NO,)i, 1II-2703

Ir(NHi)iBrSO. HiO, II1-2702

Ir(NH,)»aBr,, 111-2708

Ir(NH»)»ClC,0*, in-2707

(Ir(NH,)iCllrFe(CN)., III-2706

Ir(NH»)iClI,, 111-2706, 2709

Ir(NHa)*a(NOi),, I1I-2712

Ir(NH»)iCimOi)«, ni-271l

Ir(NH,).dS04-2HA 111-2713

Ir(NHi)»Cl8iP4, III-2704

Ir(NH,)*Cl„ III-2710

Ir(NH,)^Clj PtCl4, in-2715

Ir(NH,)i-H,0(N0,)., 1II-2718

Ir(NHa).(NOa>„ ni-2717

Ir(NH,)k(OH)„ III-27U

(lr(NOO»(NH,)*iNOfe III-2742

IrN0,0,(NH,)4a ni-2756

(lr(NHi)*NO,)(NO,),, III-2762

Ir(KO»)a(NH,),, 1II-2755

(IrCl,(N0,)4lN4,. III-2737

Ir(OH)4, 11I-2698

IrOt, III-2720, 2735

Ir0r2H»0, III-2699

IrRbaCli, ni-2700

[lr(NHa)»N0,lS04, 111-2751

l!r<NOt)»(NH4)»l^«, 111-2748

IrS,, 1II-2695

lr,(CK)„-Cu,(NHi)r4HA 111-2684

IriOa, III-2735

lr,0, HA in-2692

lIr,a4(NH,)alS04, 11I-2744

Ir,(S04)i» ni-2719, 2740

Iri(S04)»-CefS04'24HA 1II-2721

Ir,(SO*)rK,SO*-24HA 111^^1

lrt(S04)r(NH4).S0r24HA III-2721

Irt(SO*>4Rb^4'24HiO, 111-2721

Irt(804)>Tl,804*24HA 111-2721

UA. IT1-2733

K, III-1635, 1636, 2644

K*, UI-2330

KAuBn, 111-2061

KAuBri, III-1929, 1944

KAu(CN)t, 111-1930, 1931, 1991, 2033, 2034

KAuOi, III-1935, 1937, 2031

KAu(80*)t, 1II-2022

KBr, 111-31, 1929, 2049, 2061, 2052, 2621.

2622, 2623, 2637

KCN, IIM489. 2053, 2384, 2454

KCN-AuCN. in-1932

KCN‘2Cut(CN)i, 111-1416

KCNO, I11-23S4

KCN3, 111-2034

KC,HiO,. ni-996

KCbOa. III-864, S59

KCl, ni-1513, 1630. 1709, 1787, 1950, 19W,

1981 1982, 1983, 1964, 2045, 2117,

2118. 2U9, 2121, 2122. 2123, 2338.

2339, 2340, 2341, 2395, 2468, 2469,

2470, 2472, 2473, 2524, 2572, 2633,

2643^ 2649, 2728, 2747

KCl lCl, in-2471

KaOi, in-2572

KCo(CO)-, in-89. 111

KCuC40.Hi, 1II-1333

KCuCl,. III-1044

KDFi, ni-2083

KD,P04, III-2083

KEfFe(CN)*-xHiO, 111-1513

KF, I1M5S1, 1614, 1635, 1636, 1639, 1640,

’

1645, 1646

KHC*H*0*, I1I-2120

KHSO,, III-2620, 2631, 2650
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III-2122

KH,Co,<CN),i.HA III-318

KfIn<C,0,),(HK)),lHA 111-2372
KI, IIM906. 2384, 2382, 2417, 2454, 2516.

2554, 2550, 2560, 2561, 2862, 2563,
2564, 2604, 2605, 2678. 2680

KIBr,, ni-2621
KIO, III-2473, 2560. 2605
KIOsFt, ni-2847
KIO,, ni.2454, 2474, 2560, 2604, 2605.

2635. 2636, 2637, 2652. 2653, 2681
KIO«, 1IN2646

KI,, 111.1645.^55, 2558, 2623

KU nfi, 111.2557, 2503

KI, 2HA 1II-2S57

KI,, 111-2555

KIi, III.255S

KIrHAni-255T
KI,, 111.255$

KIr3C,H,, II1.2503

KNH,, ni-1707

KNO,, 111.1644, 1645, 1646, 1666, 1714.

2681, 2705, 2706. 2730, 2754

KNaCAH,, 111.1131

KNaCuC,0,Hj, 11M333
KNaSOi, IIM638
KNa,Oo(C,0,),-4HA 111-323

KOCJ, II1.2735

KOII, IIM631. 1030, 1931, 1032, 1033,

1034, 1901. 2054, 2268. 2620. 2630,

2635, 2636, 2642. 2645

KOI. 111-2384, 2454, 2550

KSCN, 1IM60, 1284

K,(Cu(NHi),], 1IM132
KjBiOf, 111.2653

K,CO,, IIM878, 2055

KgCO, CoCO, 4HA 111-112

KiCsO,, 111-1488

(K,C,Og)v(CoC,0*>,. 111-77

K,CA. 111-1613

KjCbOF,, ni-853

K,rbO,F, HA 1 11-877

K,Co{CN>,. 111-266

K,ro{CN’>rH,0, 111-322

K;(’o(CNO)„ IIM04
K,ro(r,0*)-“, 111-324

(K,ro(C,04j,'2Hrf))A ni-307

K,Co(C,H,0,),-4H,0, 111-70

K,CoF,. IIM06
KgCoO,, III-242. 271

K,Cr,OT. 1II-2I21

KtCu(CN),, 111-1382, 1303
KjCuCl,, 111-1044

K,CuFe(CN)4. 111-061

K,Cu(SO«),'6HA ni-1208
KtCualCN},, 111-1475

K,Cu,Cu(CN),, 111-1489

K,Cu,re(CN)s 111-966, 1050

K,Cu,Mn(CN>4, 111-1400

KtPy. III-1628, 1633, 1634, 1637, 2534
K,G«F«. 111-1811.1883. 1873, 1001

K,G«0,. I1I-1878, 1870

XiGe,S^ 111-1858, 1876

K,HC,H,0,, III-2122

K,HCo,(CN)i, 2KA III-810

K,(H,0)lra^ 111-2723, 2727

KilrCl,. m-2701
K,IrP«, III-2688

KJr(OH)(HiO)(Cr>0«)s, 1II-2722

K,MnO,. 111-2308

KtNaCo(NO,)«, 111-330

KA I1M632. 2033

(KA)rCbiO»(C|Oa>«*4HA 1 11-858

(Kj0)4(Cbf0,)r16H,0, 111-886

K«OIA*2MoOi, 111-2651

KAIaOrl2WOi. 111-2671

KAf, 111-2628, 2629, 2630

KA«, IIM035
K»PbF|, 111-1634

K|S, 111-2034

KtSOa. 1II-2050

KtSO«, ni-U89, UOO, 1553, 1818. 1004.

2056, 2265, 2266, 2267, 2260. 2372,

2561, 2628. 2626, 2627, 2630. 2640

KSh 111-107

KtSAi. ni-1613

K«8)F«, 111-1621. 1626, 1628. 1655

K,So(KHt)«. lU-2679

K«Sq<OH)«, in-2680

KtZo(CN)4. 111-2054

K4Co(CN).. IIMO
K«Co(CN)»OH. I1I-322

K»Co(CN)i, 111-45. 65, 325, 326

K4Co(CA4)>i 111*201

KtCo(KOt)i, 11M8
K«Co(NOi)«, 111-67. no, 328, 330, 634

K,(lr(CK)al, in-2753

K,[lr(NOt)i)K,[lra«]. 111-2606

K*Ir(CA*)i. III-2720

KjrClt(CA4)>, I1I-2728

KalrClt. 111-2724, 2725, 2726

KalrlNOtlrKilrQi, 111*2725
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KiCbjOii • 3H,0, 111-885

K*Co{CK)., in-lOU 102

K*Co(CKS)., in-105, 267

K.Co,(Fe(CN)«)*, 111-637

K,F€(CN)«. in-06l, 1423

K.GeO*, ni-1776

K,H,(CaH,Oj)t CuO, IIM479

KaCbOi, in-824

KaCuCCiHaOr),, IIM296

K.6Cu,(C*H,07),(C0,).,
1IM478

LiC,H.NHGft(CH,)i, IIM700

LiCut(CN)r3HA IH-WS

tiil(CH«)»Gal*. IIM700
LliCuFe{CN)., 111-1424

LUCu,Fe(CN)«. III-962

LialrCU, III-2731

M

M*, III-2284

MFiCli, 1IM641
M|(AuO»)», III-1946

MgBr, IIM774
MgBrj, IIM732, 1783, 1734, 1774, 1789,

1790, 1792, 1795

M«(CN)t, II1-963

Mg(CbO.)i. ni-879

MgCl,, 111-1046, 1789, 1790, 1792, 1793,

1795, 1907, 1946, 1985, 1986, 1987, 2342

M|CuFe<CN)«, IIM425
M6Cui(CN)a'nHA II1-956

MgOiiFe(CN)«, I1I-963

Mg(NOi)t. III-1946

MfO, IIM880, 2084, 2233, 2364

MgO'CbsOi, 1 11-871, 872

Mg(OD)I, II1-2077

Mg(OH)», ni-2234. 2246

(MgO)>*Mg(Cb04)t, ni-871

MgSO*, 111-1564

MgiGe, 1IM764, 1765

MgtG«04, III-1881

Mn(CN)t, I1M490
MnClt, III-1936, 1988, 1989, 2118

MdO, III-1632, 2411

MnO,, III-98, 108, 1984, 1989, 2118, 2635

2636

MnSOa. III-1813, 2266, 2267, 2311

Mnj(S04)», 111-1613

MoO», III-2125

MoOa. 111-2125

N

N(C|H*)J, 1 11-2393

NHt. III-2310

NH, C(NH)‘8 CuCl, IIM064
NH,CK)H, IIU2417

NH,D, 1II-2066, 2068, 2076

(NH^H)fH,GeF.‘2HA 111-1902

NH», ni-1532, 1554, 1643, 1696, 1701, 1705,

1706, 1719, 1728, 1807, 1849, 1851,

1894, 1897, 2023, 2033, 2106, 2108,

2151, 2170, 2178, 2191, 2193, 2234,

2241, 2311, 2313, 2409, 2657, 2716

NRi NIi, III-2568

NH«, III-2310

NH 4CN8 3HA, 111-2270

NHiCOOH, 111-2416

NH«C1, IIM514, 1710, 1724, 1787, 1802,

1823, 1826. 1827. 1990, 1991, 2116,

2124, 2125. 2343, 2477, 2478, 2568,

2654, 2716

NHaCl CujClir in-H04
NH4CI‘3Cu$C1,, 111-1404

NH.Cl ia. ni-2471

NH4CIO4 ,
in-87

NH4Cu<CN)i, 111-965

NH4Cui(CN), HA in-965

NH 4HSO., 111-2300

KHiHSOa, 111-2496

NH4ln(CA)t(HA* HA 111-2372

KH4I, 111-1727, 1842, 1847, 2141, 2398,

2566, 2640

NU4lOtFa. II1-2647

NHJ0», in-2655

NH4IO*, 111-2434

NHJ,, 111-2567, 2656

NH4l.‘3HA 111-2567

NHJ* HA ni-2567

NH4lr(NO,)4. 11I-2693

Na4NOi, I1I-1514, 1520, 1665, 2095, 2309,

2327, 2707

NH4OH, III-2357

NH^OOCCHjCHtCOCaHaNH. III-2280

NH4SO4 , 111-2270

,

(NH4)jBrjCu»BrtHiO, 111-1396

(NHOiCOi, I1M429, 1430

(NH4)*Co(CNS)*, 1II-277

(NHi)tCo<S04)i'6H,0, ni-279
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(NH,)8Cu(CN)fe iri-uss
(NH,),Cu(Cr04)i-2NH,. 111-977, 1417
(NH^)*CuPe(CN)fc 111-142$

(NK,),Cu(SO,)f6HA IIM314
(NH.),CutFe(CN),, III-963
<NHOjCuiMn<CN)«, 111-1491

(NH,),Cu,{SO,)h 111-1360

(NHOiGeF^, III-1903

(NHj),Cu,l,, III.U28
(NHOflrCU 111-2689, 2732, 2736
(NH,)»PtCl,. in-2693
(NH<),S04, 1 11-1307, 1468, 1514, 2151,2371,

2372, 2732

(NH4),S«0,, ni-1520

(NH4),fIraf(NOi)*), 1II-2767

(NH4),C6(CN), H,0, UI-303
(NH4)4Br4CuiBpi, 111-1396

(NH4)*Co(CN8),, I1M05, 267
(NH*)iCoi(8,0,)»«6HiO, III-257

Nil. iri-2476

NO. 111-1632, 1878, 1888. 1920, 2119, 2138
2142, 2407. 2408. 2533, 2626, 2693

NOCl. ni-1018. 1919, 1921, 2149, 2153

NOi. 111-1524, 1693. 1740, 1022, 2048, 2106,

2532. 2533, 2693, 2606, 2725, 2734. 2737

NOAHJOHjCOOH, III-2440

NO,F, iri-1607

NOjF, III-1600

N,. TIM607, 1710, 1895, 1806, 1808, 1809,

1057, 2105, 2196, 2197, 2311, 2312,

2313. 2409, 2427. 2569, 2570. 2614,

2716

111-2475

NA II 1-2564

111-2154

NiO*. ni-2150, 2351

Nft* 1II-2571

NaAuOs. III-1037

NaBr, III-23, 48, 1723, 1731, 1736, 1777,

J794. 2272. 2601

NaCNR, I1I-97I

NftCjHjOr, 111-40, 41, 2512

NftC,H»S,Oi, I1I-2509

NaCb. III-876

NaCl, III-1625, 1526, 1647, 1640, 1651,

1665. 1697, 1698, ITII, 1712, 1713,

1724, 1787, 1791, 1704, 1806, 1817,

1818, 1824, 1828, 1992, 1903, 1094.

1005, 1006, 1997, 1998, 1999, 2000,

2038, 2057, 2059, 2061, 2115, 2126,

2127, 2128, 2129, 2130, 2344, 2345,

2346, 2347, 2348, 2340, 2476, 2581,

2659, 2663, 2666, 2671, 2680, 2002,

2603, 2697, 2698, 2699, 2733, 2734
2736. 2738, 2739, 2740, 2741, 2751,

2755. 2756, 2757

N«Cu<CN>,«2HA III-965

Nt(CuCl,>, in-1323
NaDSO«, If 1-2083

NaF, in-1584, 1603, 1608, 1621. 1627, 1628,

1629, 1640, 1654, 1660

NaF*2MgP, in-1648
NaGe, IlI-lOOO

NaG«H,, in-1835

NaH, II 1-2 108, 2199

NaHCO,. 111-48

NaHGeO.. UI-1855, 1856

NaHSO), 1II-2814

KaHSOi, in-2129, 2149

NafIo(CiO«)a(H,0),]<H>0. 111-2372

NaH|PO«. I1I-2583

Nal, ni-2093. 2389, 2391, 2426, 2438, 2509,

2511, 2512, 2513, 2514, 2515, 2522,

2558, 2573, 2574, 2576, 2578, 2579,

2580, 2582, 2583, 2584, 2585, 2586,

2587. 2590, 2591, 2508, 2500, 2622,

2635, 2655, 2657, 2658, 2666, 2667,
2670

NaL8(CH,)>CO, 111-2658

NalO, I1I-2582, 2583

NalOtPi, III-2647

KalOt, 1II-2428, 2435, 2672, 2578, 2570,

2582, 2584, 2590, 2655, 2661, 2662,

2666, 2669, 2670, 2672

NaIO„ III-2673

NaNH^a, 111-1321

KaNOa, 111-2755, 2756

KaNOa, I1I-1491, 1521, 1522, 1523, 1621,

1628, 1668, 2354, 2581, 2665, 2668, 2673

NaO, III-2662

NaOa. 111-2607, 2608

NaOGe(OH)i, IIM908
NaOH, III-1648, 1668, 1725, 1010, 2032,

2200, 2235, 2660

KaOI, UI-2576, 2580

KaajGa(CHa)i]i, IIM701
NifCOa, 111-21 69, 2357, 2672

NatCtOa, ni-2438>25U
Na,CuFe(CN)a. III-966, 969, 1050

XaaPt, III-1652. 1653

NaaGeOa, IIM777
NatHAaOa, 111-2093
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NftiH.lO-, 111-2662

ni-2663

NaJCOl), ni-2663

Na,IrCU 111-2680

Na,0, IIM937

Na,O Cb.Or6HA 111-843. 860

NaiOIjOs‘2MoO,. 111-2664

NaiOflOi, III-2000

Na,SO*, II1-1567, 1710, 1720, 1737, 2348.

2372, 2574, 2660, 2667, 2672, 2740

Na^«0„ III-2058

NaiSA, 1IM006, 2032, 2038, 2428. 2588,

2586, 2587, 2622, 2635, 2655

NatSiFi, IIM650, 1651

NaiZoOj, 111-1660

NaiAaO<, II1-2672

Na.Au(8,0,)*. Ill-im, 1006, 2032. 2038,

2057

Na,Co(NOi)-, IIMO, 216, 217

Na»CuCCK)*‘aHiO, 1II-064

Na,CuP,0,*, IIM362
14aiCaO>, III"1712

NajHiIO*. ni-2672

Na.IrCl,(NOi)«, 1II-274I

NaJrCl4(C,0,), 111-2738

NailrCU, in-2735

NMlr(NOi)i, I1I-2740

NailnOi, 111-2857

Na,PO., ni-1613

Na4Fe(CN)i, 111-061

NaJu 13«15H,0, III-2575

Na,P,0,, 111-1448

NaJii‘17-l9HjO. 111-2575

Na.Co»<NOj)»»-2HtO, 111-41

KaiFei(P»0,)„ IIM090

Nd,0,. III-1492

Ke, ni-2238

Ni, III-2201

NiCli, IIM036
Nil), 111-2520

Ni,(Co(CN)*)»-l2H,0. III-304

O, IIM921, 1962, 1092, 1993, 2000, 2126,

2278

OD, III-2086

OF,, in-l603

OH-, III-1688, 2152, 2284

OH, II1-2205. 2284

OH C*HaI COOH, 1II-2534, 2535

OH C.H* COOH, III-2534

ol IIW495, 1573, 1601, 1608, 1725, ^66,

1974, 2001, 2002, 2048, 2152, 2302,

2200, 2230, 2238, 2247, 2248

0„ IIM601. 1602, 1616

P(Ciai.iOt)>. 111-1027

PHfc III-2133

POCI„ III-2I53

PSOi, 1IM055
P,H*, 1II-2133

PJ,, 1II-2415

P^i, I1M481
Pb, I1I-1572

Pb(C*HiiOt)*, I1I-1018

Pb(CiJl«iO*)i. IIM025S .4S0

2481

PbCo(NOi).. ni-308

PbCrO,, IIM02
PbFCl. 111-1649

PbF„ iii-ieoo

PbdO)),. III-2420

PbIfF*, 111-2688

Pb(NOi>»*2lKNO>)), 111-2315

PbOf, 111-1633, 2273

PbS04, I1I-1868

Pr^,a,. III-U02

PtCI,. III-2003

PtF*. in-1610

RCOOKa, II1-2582, 2500, 2591, 2508

RbBr, III-2674

BbCI, III-2675

RbCMCl, II1-2471

RbC«(CN)t. II1-967

Rbl, III-2448

RblBr„ III-2674

RbI-6l«4CiH.. 111-2676

Rbl-7I-4C»H*, in-2676

RblOtF), in-2647

Rbl0j-2F* Hl0f2H)0, III-2678

RblOi, III-2615, 2675

Rbio*. III-2677
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Rbl,, 1 1 1-2592, 2593, 2678
RbJCuJ(CN)^ 111-1128

RbfFtCbFi, 111-882

Rb,S,0,, 111-2448

S

8, riM753, 1906, 2130, 2152, 2210, 2295,
2296, 2298, 2299, 2302, 2303, 2306
2414, 2445, 2543, 2544, 2545, 2546.
2585, 28L9, 2733

(&CSN,)„ 111-2562

S(CH,COO),Co.8(CHKJOOH),-C,Hr
(NH,)r2HA 111-69

S(CiHOiI>CuI>, III-I067

SOCti, 111-1656

80F,, 111-1856

SO,, III-1573, 1656, 1720, 1755, 1887, 1888,
1892, 1939, 1940, 1997, 2085, 2107,

2126, 2130. 2152, 2300, 2301. 2348.

2354, 2366, 2631. 2732

SOiClP, IIM658
SOiF), 111-1657

80„ IIM564, 1722, 2418, 2596, 2607

SO, 3CuO, 1IM2SI

50,

HF, IIM622

80r, IIM721
SiCl,, IIM443, 1939, 2482, 2485

S,0»(NOj),, 111-2154

SbClFt, II1-1804

Sba,P, 111-1804

SbCli, I1I-1658, 1804. 2120

(SbCli), IIM658
SeF,. Ill- 161

1

SeF., 111-1611

SeO,, IIM927
51, ni-1624, 2105

SiCo, IIM3
SiCo,, III-13

SiF,. 111-1612, 1623, 1624

SiFt, 111-1588

SiHCl,, 1II-2105

8il«, III-2501

SiOfc III- 1827, 1639, 1660, 2634
Si(Oli)4, 1IM584, 1628
8i«Co, I1M3
8oa«, II 1-248, 2275

&(AuO,)r6HA I1I-2027

Sfa,-6DA ni-2083
SrCuFe(CN)4, IIM42S
SrCu,(CN)*«8HA III-956

Srl«, 111-2444

Sr,(10,),. III-2673

T

TtCii, 1IM998
TcOi, 11M659

TiCl„ 111-2276

Ti<SO,>fc 111-249

Til,, ni-2597
Tl,Co(CN)«. 111-245

T1,Co(NO,)4, 111-331

T14,, II1-2597

U

01,. 111-2520

00,01, 111-2681

UOsRdO,),, in-2681

WF*. I1I-1583

Z

2n, I1I-2394

ZoBr,, 1IM77S, 1946, 2063

ZhCli, I1I-1102, 1574, 1805, 2004, 2350, 2701

ZoPs, 1IM660
Znl), 111-2381, 2394, 2617

ZnO, II1-2314, 2617

ZnOCbiO,. 1II-87S

Zo(OH),, 111-1660, 2381

ZD,(Cl><CN)«)^ 111-321
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AUantoin, III-2290

Auryl hydroxide, III-1946

Aaidocarbon disulfide, III-2S62

Bi-suriamine, 111*2023

^'Burgundy Mixture,” III-1335

Calaverite, III-104t

Carbamide, 1 11-2465

Ceeium-galUum aelenatealum
,
111-1717

Cesium periodate, 111-2481

Cobalt ammonium fluoberyUate, 1 11-256

anthranilate, 1 11-261

cesium alum, 1 11-675

hydrogen malonate, II 1-235

nitroppusaide, 1 11-287

“ nitrosylearbonyl. UI-305

oleate, III-2S3

Cobaltocobaltic nitrite, 111-262

Cobaltomalate (basic), 111-54

Cobalt phosphide, III-5

•• silicides, 111-13

tellurite, 111-120

sodium thioglycoiate, 111-50

Cobaltous malonate, 111-235

(riaiide, 111-69

Columbium hydride, 1II-8S0
*• oxychloride, 111-846

Copper anisate, III-1372
“ bromoisoeymol sulfonate, 111-1368

chloromercaptide, I II-1062
•• dithionate hexammoniate. 111-1386

*
' fluoxymolybdate, 1 1 1-l 185

• heptylacetate, II1-1367

hexametaphosphate, 111-1097

*• levulinate, 111-1201

** mucate, 111-991
'* p-nitrophenyl alanate, 1 11-1007, 1008

** oleate, I1I-283

“ picolinedicarboxylatc, 111-905

rubidium fluoride, II1-982

Coumarin potassium bromide, 111-2439, 2440

Cuprene. 111-886

Cupric acetate pyridine, III-992

Cupric ft-bromoisovalcrinate, III-1205

aminocaprylate, 111*1106

839
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Cupric l>^minophenylalaninfcU, III'l220

l*amir»o-n-v»JeriaaU, III-1221
caproate, 111-1269
citrate (basic), 11I>0S4
cobaltocobaltic cyanide, I II-1289

'• leucinate, IIM224
tyroainate, IIM225

Cupffoacetyl chloride, II I-1032
Cuprous chromicyanide. III*)04&

“ telJuride, II 1-937
" thiophosphate, II I-1055

Deuteroethylene, III-2063
Didymium acetonylacetnoe, III-1496
Didymium bensene sulfonate, 111-1499
Didyrnium nitrate, III-I493
Diethyl gallium aulfate, 1 1 1-1706
Dihydroxy Ouoboric acid, 1 1 1- 1620
DimethyIfallium, II 1-1697

3,6-Dimetbylpyraiole-cobalt, III-16, 17
Diiodo acetylene, 1 1 1-2464
Diiododebydrocholie acid. III-24S3

Dipropyldicyano digold, 111*2036

Ditbionic acid, 111*2239

Dysprosium oxide, III-1502

Erbium chlorate, 111*1557

orthophosphate, III-1511

oxide, 111-1507
“ oxychloride, II1-1564

fluoride, II1-1509

gold chloride, III-I60S

periodate, IIM517
Ethylthioglycolic acid-cuprous bromide, III*945

“ -cuprous chloride, III-l033
" -cuprous thiocyanate, 111-1034

Europium formate, IIM576

Fluoroform, 1 1 1*1582

Fluogermanic acid, 111-1871

Fulminating gold, 111-1990. 2023. 2024

Gadolinium ethylsulfatc, II1-1681

gold chloride, 111-1662
“ malonate, III-1665

metanitrobenzene sulfonate, 111*1672

Gallium selenate, 1II-1715
“

triethylamine
I
111-1704

Germanium bromoform, 1 1 1-1772
“ chloroform, III-1744
** diselenide, 1II-1801



841
INDEX TO SUBSTANCES OBTAINED—NAMES

Germanium hydride, III-17S6

iodoform, 1II-1840

Hafnium oleaie (soap), 1 11-2059

Heavy water, 1 1 1-2 188, 2256

j^exahydiophenol, 1II-2172

Hexamethyl ferroeyanogcn iodide, III-3380

HoJmium oxide, 111-2062

Hydrofluogerrnanic acid, II 1-1809

Hydroxylamine duogermanafce, 1II-1902

Iodine tricyanate, I1I-2469, 2470, 2480

•* trithiocyanate, 111-2478, 2481, 2457

lodosalicylic acid, III-2516

Iridodichloroxalate, II1-2728

Uinnaeite, II1-663

Magnesium germanide, III-1765

Mercurous cobalticyanido, III-320

Methyl diiodoamine, III-2459

Monobromomonogermane, lU-1832

Monofluorotriehlorogermane, II I-1804

Nitrogen iodide, 111-2475

triiodide, 1 11-2476

Pcntamininitroao cobalt chloride, II1-120

porcolumbie acid, 1 11-842, 864

Periodic acid, 1 11-2429

Phenylglyoxal 11 1-1011

Potassium anisate, UI-1872
" cobalt carbonyl, III-lll

cobalticyanide, IIl-lO

columbatc, 111-854

cupricitrate, 111-1296

" cyaooiridate. 1 11-2753

“ dichlorotetranitroiridate, 111-2734

fluogermanate, 111-1873

“ hexatungstaleperiodate, 111-2671

percolumbato, 111-855

selenium cyanide, II1-1475

“ propylmercaptan, 111-2294

Propargyl iodide, III-2510

Pyrophosphoric acid, 111-1361

Rubidium tetrofluorodiiodate, 1II-2678

Silver mesopcriodntc, III-2375

“ paraporiodote, III-2668

Sodium aurotbiosulfate, IU-1995, 2057
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Sodium cobaltinitriu, 1 1MO

galUte, ni-1712
hydroxyacetate, 112.2200

“ tetrathionate, III.2428
tribydrosarmaAide, 1II.1835

SulfuryJ di fluoride, III- 1657

Taurine. 111.2279

Thiogermanic acid, 111-1874

Trans-chjoroisothiocyanato dietbylenediatnlnecobalticperchlorau, III-350
^an^hJor^dverlhiocyaaato dietbylenediaminecobaltic nitrate, III-344Ihalhum cobaltinitrite, III-331
Trichloroethylidene iodohydrine, III-2130
Trichjoroiaothiocyanato diethylenediaminecobalticperch locate, III-350
Tnchloroethylide&eiodobydrine, III-2189
Triethylgermanium bromide, 111*1729
Triefchylaulfonium cupriciodide, 111.1067
TriodoreBorcinol, 111-2624
Trimethylindium oxide, 111-2316

Trioitritoammonoetbylenediamuio cobaltienitrate, 111*332
Trioxalatocobaltiate ion, 111*291

Triphenyl indium, 111-2320

Tripropylenediamine eobaltbexacya&o chromate, III-566
Triaodium paraperiodate, 111-2572

Xanthocobaltic nitrate, 111*706, 707
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